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PREFACE. 

This treatise is diWded into two parts. The first relates to the making and 
the maintaining of Macadamised Roads, while the second part deals with 
Carriageways and Footpaths. 

Although much has been written on the subject of making and maintain- 
ing macadamised roads, the recent introduction of mechanical appliances for 
quarrying, manufacturing, and consolidating the metalling has led to im- 
portant changes on the older methods, whereby more expeditious, effective, 
and economical work has been rendered possible. The effect of the transfer 
of the management of the highways to the Goimty Councils by the Local 
Croyemment Acts has afibrded scope for road maintenance on a larger scale 
than has hitherto been practised in this country. 

The information here given, which treats of all matters relating to the 
systematic making and repairing of roads and streets, is for the most part the 
result of experience of the practical work of constructing roads and their 
subsequent maintenance, extending over a considerable number of years. 
The methods of carrying out the work and the cost of each operation are 
given in detail, and, it is hoped, are now brought together in a useful form. 

In the second part, all the recognised descriptions of material used in 
the paving of carriageways and footways, and the latest methods of con- 
struction adopted in the principal cities and towns of the kingdom, are 
described. The cost of forming pavements and the comparative wear are 
also given in detail. The congestion of pedestrian and vehicular traffic in 
the larger towns, and the means of obviating the delays inseparable from 
the present state of matters, are noticed at some length. The benefits likely 
to result from the construction of subways are also described in a concise 
manner, while other matters of general importance receive due and adequate 
notice. 



VI PREFACE. 

The Author has throughout this treatise adhered to as systematic an 
arrangement as practicahle. He trusts that it will meet the need for a 
detailed treatment of the suhject according to the latest practice, which 
has mainly arisen from the altered conditions of transit during recent 
years. 

T. A. 

AiLgust, 1900. 
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ROAD MAKING AND MAINTENANCE. 
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HISTOEICAL SKETCH. 

Boad Making. — Tredgold's definition of the profession of the Civil 
Engineer, which was adopted by the 'Institution of Civil Engineers' in 
their charter — viz., "The art of directing the great sources of power in 
nature for the use and convenience of man " — illustrates very forcibly the 
importance of road making as a branch of engineering practice. 

The construction of roads or artificial ways is one of the first steps 
taken, with the spread of civilization, in opening up a country for the 
accommodation of travellers and the carriage of commodities. 

Koad makers may be looked upon as pioneers in the material advance- 
ment of a nation and in influencing society, the good condition in which 
roads are maintained being a fair indication of the progress or prosperity of 
any age or people. 

The natural resources and manufactures of a country can only be 
developed by communication between towns and rural districts, or, in 
other words, ** The road is so necessary an instrument of social well-being, 
that in every new colony it is one of the first things thought of. . . . 
The new country, as well as the old, can only be effectually opened up, as 
the common phrase is, by roads, and until these are made it is virtually 
closed." * The evolution of the modem road can only be adequately under- 
stood by reference to the practice of this interesting subject, from the time 
when the making of the great military roads of the Eomans was carried 
ont to the present time, authentic descriptions of which are recorded. It 
will be necessary, therefore, previous to detailing the different processes 
from the inception to the completion of roads and streets as now con- 
structed, to review concisely the history of the subject, which extends over 
a period of 2200 years. 

Soman Roads. — The Romans learned the art of making paved roads 
from the Carthaginians, and the highways constructed by them were 

* Smiles' Lives of the Engineers^ voL i. 

A 
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regarded as of vital importance for conquest and the maintenance of their 
Empire, while they were admirable models of engineering skilL 

One of the oldest, and probably the most important of these paved 
military roads, called the 'Appian Way,' was commenced by Appius 
Claudius while holding the office of censor, in 312 b.o. Twenty-nine great 
military roads centred in Home, many of which were carried in different 
directions to the extreme limits of the vast Empire, connecting the Capitol 
and the principal cities and strategic points. 

These lines of communication, for a distance of 50 miles from Borne, 
were decorated on either side with temples and other superb edifices. 
Buildings were erected at regular distances alongside these roads at the 
public expense, and used as lodging-houses for changing horses to suit the 
wants of the couriers, and for the requirements of the army; mansions 
were also erected at intervals of from 30 to 36 miles for the accommoda* 
tion of the soldiers. 

Boman roads are remarkable for preserving a straight line from point to 
point regardless of obstacles, which by a slight detour could have been 
avoided.' They were carried over marshes, lakes, ravines, and mountains, 
and have, by their bold inception, duration and stability, excited astonishment 
and admiration in all ages. The ' Appian Way ' was not only the earliest 
military road, but the best constructed ; and Statins, the poet, designates 
it as the Queen of Boads in his time. It extended to 360 miles ; the portion 
from Bome to Capua, a distance of 142 Italian miles, was constructed 
during the censorship of Claudius. The remaining portion, extending in a 
south-easterly direction to Brundusium (now Brindisi), appears to have been 
carried out from time to time as the Bomans conquered the states to the 
south. Julius CsBsar spent considerable sums of money on this road, and 
in all probability completed it to Brundusium. The mode of constructing 
this great military road was as follows : — 

Two parallel trenches were excavated at a distance of about 40 feet 
apart to mark the width of the road, and also the direction which it was 
intended to follow. This at once gave the location of the road, and showed 
the nature of the subsoil, from which the level of the foundations was 
determined ; all loose soil was removed, and replaced where necessary with 
suitable material, consolidated by ramming until a solid foundation was 
obtained for the support of the road materials. 

This, in general, appears to have been composed of four layers of mate-^ 
rial having a total thickness of 3 feet, local stone being used when avail- 
able, though at times the material was brought from a considerable distance. 
The lowest layer, or statumen, was formed of two courses of fiat stone^ laid in 
mortar ; over this was laid the rtulus, or rubble, well beaten ;. then the third 
layer, called the micleus, a sort of beaion, was spread, being composed of coarse 
gravel and lime, used hot, and on which was bedded the summa cnista. 
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When the road was carried over marshy ground, a framework of 
carpentry was provided, called ' contignata pavimentay and the frame itself 
conHgnationes, 

The joists or sleepers were termed coaxationes or cassationes, and were 
made of an oak called esculns, because it was not liable to warp or shrink. 
To protect the timber from the effect of the lime mixed with the other 
materials, it was covered with a bed of rushes or reeds, and sometimes 
straw. On this stratum of reeds or straw was laid the gtatumen or 
foundation. 

The second bed was made of broken stones mixed with lime, which Isidore 
calls rudui. When this material was composed of stones freshly broken, it 
was called rudtu novurr^ and quicklime was added in the proportion of one 
of lime to three of stone. But when the material came from old buildings, 
it waa called rudu8 redivivum, and then an additional portion of lime was 
used, two parts to five, and the work termed ruderationem ; the rammer or 
beater was employed to strengthen, equalize, and smooth it. This com- 
position^ whether formed of gravel or dSbrie^ was 9 inches in thickness 
after it had been thoroughly rammed. 

;,— - jiy — ^^y^ — - — jt5.v 4<^ — -^>* — >j 
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Fio. 1. — Cross-section of Roman road (' Appian Way'). 

Over this farraa or rudercUion, a cement was laid for the third bed, 
which was composed of bricks, potsherds, or broken tiles mixed with lime, in 
the proportion of one of lime to three of brick. This was spread over 
the ruderaiion in a thin Ifiyer to receive the fourth bed or paving, con- 
sisting of polygonal blocks jointed with the greatest nicety, serving as 
a covering to the entire work, and was called in consequence eummam 
rrustam. The third bed, or nucleus, was the softest layer of the whole, and 
was interposed between the harder layers. The stones and cement which 
formed the road were not less than 6 inches in thickness, and the entire 
mass laid upon the framework of carpentry was 15 inches. Fig. 1 shows a 
cross-eeotion of the 'Appian Way,' and typifies many of the other great 
military roads in the neighbourhood of Rome. The paved portion was 16 
feet wide, with margins on either side, separated by a curb 2 feet wide and 
18 inches high, which served as seats for travellers. The margins were 
not paved with blocks, the finished surface being the gravel concrete ; they 
were consequently at a lower level than and were only half the width of 
the centre portion. 
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The entire width of these military roads was from 36 to 40 Roman feet, 
the middle portion being for the infantry, while the margins were made use 
of by horses and carriages. 

Of the other great military roads some were named after the Consuls and 
Emperors who had constructed them, such as the Flaminian and Domitian, 
while others were designated by the name of the province through which 
they passed, such as the Latian, Tiburtine, Campanian, and Praenestine ways. 

Other roads constructed solely for civil purposes were connected with 
the great miUtary ways and distinguished by the following names, Via, 
Actus, Iter, Semtta, Trames, Diverticulum^ Divertium, CcUlais, etc.* 

Via answers to our common road ; its breadth was 8 Roman feet, so 
that carriages could pass without collision. 

Actus was a road for the passage of a single carriage; it derived its 
name from a measure used in surveying land, of which the breadth was 
4 feet and the length 120 feet. 

Iter was a road for pedestrians and horsemen, the breadth of which was 
3 feet. 

Semita was only half the breadth of the Iter, and when it crossed fields 
it was called Tra^nes, Diverticulum, and Divertium. 

Ccdlais was a road through mountainous districts, for the purpose of 
attending the flocks. 

" The unpaved roads of the Romans were called by Ulpian vias terrenas, 
to distinguish them from those dressed with stone or gravel, and they were 
regulated by similar laws and ordinances to the others. The road from 
Spain into Italy, through Xismes, was of this kind, and only passable 
during the summer months. 

" In the winter and spring it was in a soft state, from the water which 
came down from the neighbouring mountains, though Strabo mentions 
several wooden and stone bridges and ferries. These roads, so liable to be 
broken up by the torrents, were exposed to the action of the sun and wind^ 
all shade being removed, that they might speedily dry. 

" The whole Roman Empire comprised eleven regions, viz., Italy, Spain, 
Gaul, British Isles, Illyria, Thrace, Asia Minor, Pontus, the East, Egypt, 
and Africa, and these were divided into 113 provinces, traversed by 372 
great roads, which, according to the Itinerary of Antoninus, were together in 
length 52,964 Roman miles." t 

In Peru the Incas appear to have built great roads. That from Quito to 
Cuzco was between 1500 and 2000 miles in length and 20 feet wide ; it was 
situated at an elevation of over 12,000 feet above the sea level. This road 
was characterized by having a running stream and a row of trees on either 
side, while the road itself was paved with stones 10 feet square, and in 
some instances with stone covered with bitumen. 

• Cresy's Bnq/clopcedia of Civil Engineeri'tig, 1847. t Ibid, 
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Humboldt, in his Aspects of Nature, speaks of this mountain road as " a 
marvellous work, not inferior to the most imposing Roman roadways " ; 
while Preecott, in his History of PerUj says of this road that " it was con- 
ducted oyer sierras covered with snow ; galleries were cut through the living 
rock ; rivers were crossed by means of bridges swung suspended in the air ; 
precipices were scaled by stairways hewn out of the native bed, and ravines 
of hideous depth were filled up with solid masonry." 

Among the many magnificent engineering works carried out by the 
Bomans, the public roads ranked pre-eminently high, and great labour and 
expense were incurred in their construction. It is not to be wondered at, 
therefore, considering the importance of these works, that only those of the 
highest attainments were considered as having the necessary qualifications 
to supervise these great works of prominent utility. 

Early French Beads. — As the Romans conquered states, roads were 
introduced for the benefit of commerce and societv, and the art of con- 
structing them on the Roman method was practised in France till about 
the beginning of the eighteenth century. A cross-section of these roads is 
shown in fig. 2. 

The material forming the road was composed of fiat stones laid by hand 



Fio. 2. — CroeS'Section of French road (Roman method) previous to 1776. 

in two or more layers for a width of 18 feet on the bottom of the excava- 
tion; on this foundation a layer of small stones was spread and beaten 
down, and the surface finished with a layer of stones broken smaller than 
the underlying material The usual thickness of the body of the road was 
18 inches in the centre and 12 inches at the sides. The roads in France 
down to the year 1764 were maintained by statute labour {la corvSe) which 
was only effected twice annually, in the spring and autumn of each year, 
necessitatmg the application of large quantities of stones to carry the traffic 
during the intervals between repairs. After the suppression of statute 
labour (1764) the mode of constructing new roads was considerably modified, 
and in the year 1775 M. Tresaquet adopted the method shown in section at 
fig. 3. The excavated portion was made parallel to the finished surface of 
the road and 10 inches below it. The bed of stones was laid edgewise and 
beaten to an even surface, over which a second bed of smaller stones was laid 
by hand, the finishing layer being of broken stones the size of walnuts, and 
spread with a shovel. The rise of the road was 6 inches in the centre, the 
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material for finishing the road or upper surface being selected from the 
hardest quality of stone. 

Fio. 8. — Cross-section of French road, as constmoted by M. Tr^saquet in 1775. 

Later French Boads. — This mode of constructing roads in France was 
practised till about the year 1820, when the system of Macadam attracted 
attention ; the peculiar virtue of angular broken stones in consolidating and 
forming a hard surface was recognized, and the system was officially 
adopted in 1830 for constructing roads in that country, 

M. Dumas, engineer-in-chief of the Fonts et Chaussi^es, writing in 1843,* 
stated that the system of Macadam was generally adopted in France, and 
that the roads were maintained in good condition by continuous and watch- 
ful attention in cleansing and repairing them, and realizing his motto, 
" The maximum of beauty." 

Early British Boads. — ^The great Boman General Julius Cassar carried 
out many payed roads in Italy, and, recognizing the vital importance of 
such lines of communication, extended them into the provinces ; while 
subsequent to the year a.d. 43, main and branch roads were constructed 
in Britain by the Romans in almost every direction, from their military 
stations and camps to the coast. 

" The Bomans seem to have paid particular attention to the construction 
of roads in the distant provinces ; and those of Britain, which may still be 
traced in various ramifications, present a lasting monument of the justice of 
their conception, the extent of their views, and the utility of their power. 
A grand trunk, as it may be called, passed from the south to the north, 
and another to the west, with branches in almost every direction that 
general convenience and expedition could require. What is called Wailing 
Street led from Bichborough, in Kent, the ancient Butupis^, north-east, 
through London to Chester. The Ermine Street passed from London to 
Lincoln, theuce to Carlisle, and into Scotland. The Fosa Way is supposed 
to have led from Bath and the western regions, north-east, till it joined the 
Ermine Street. The last celebrated road was ' Ikeneld ' or ' Ikneld,' 
supposed to have extended from near Norwich, southward into Dorset* 
shire." t 

Although there is no trace of Boman influence in the construction of 
later roads in Britain, still in many cases those made by them form the 

* Annates des Fonts et Cliaussies, 1848. 
t Pinkerton's Oeography, vol. i. p. 20. 
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foundations of existing loads in different parts of the country. Many 
traces of the remains of Roman Boads, often situated at a considerable 
depth below the surrounding ground of the present day, have been dis- 
covered from time to time. One of the latest discoveries was disclosed / 
when carrying out storm-water drainage works at Rochester in 1897, the 
details of which may be given. 

" When the Romans made the great way from the Kentish coast to 
the north of England, a wooden bridge, built upon piles, was thrown across 
the Medway. On reaching the Strood side of the river the eugineers were 
confronted with a marsh of about 355 yards in width. This difficulty they 
boldly overcame by constructing upon the alluvial deposit a magnificent 
causeway. 

*' A section of the buried work showed the foUowing : — (1) Layers of 
post-Roman roads for a depth of 2 feet 8 inches; (2) paved surface of 
causeway, 6 inches to 8 inches; (3) small pebble gravel, mixed with 
black earth, rammed, 9 inches; (4) fliuts, broken fine, 7 inches; (5) 
rammed chalk, 5 inches ; (6) flints (white, and rather large), rough pieces 
of Kentish rag, fragments of Roman tile, 3 feet 6 inches ; (7) marsh mud, 
containing numerous oak piles about 4 feet in length, with pieces of wood 
laid at intervals across them, or perhaps they were originally made fast by 
nails. The width of the causeway was about 14 feet, while the distance 
apart of the wheels of the waggons has been estimated, from the grooved 
wheel-track, at 4^ feet." * 

The construction of this part of the road passing through Rochester 
corresponds very nearly with that described at page 3, and designated 
ecntignaia pavimenta^ being the method adopted by the Romans when 
forming roads across marshes in Italy. 

The depth of the material forming the roadway, above the timber 
foundation, amounting to 5 feet 10 inches, appears to be considerable 
greater than that usually adopted by the Romans in similar circum- 
stances. 

lior a considerable period after the occupation of Britain by the 
Romans the roads made by them were the only means of internal com- 
munication, but during the Dark Ages they were allowed to fall out of 
repair and finally into ruin, and were in many instances overrun with 
forest and waste until they assumed a condition probably the worst in 
Europe. At this period communication between towns was both difficult 
and dangerous ; the roads which formerly had such a beneficial effect on 
the country were regarded with terror as aids to plunder, and in the year 
1285 owners of land were enjoined to widen the roads, by cutting down 
trees on each side to a certain width, the inland commerce, such as it was, 

* The foregoing description is abstracted from a pamphlet on ''Roman Discoveries/' 
by G. Payne, F.L.S., F.S.A., reprinted from Archaologia CarUiana, 1898. 
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being maintamed principally by rude paths or horse-tracks, traversed by 
pack-horses. 

"In very early periods of English civilization, while the population 
was thin and scattered, and men lived by hunting and pastoral pursuits, 
the track across the down, the heath, and the moor sufficiently answered 
their purpose. Yet, even in these districts unencumbered with wood, where 
the first settlements were made — as in the downs of Wiltshire, the moors 
of Devonshire, and the wolds of Yorkshire — stone tracks were laid down 
by the tribes between one village and another. In some districts they 
are called trackways or ridge ways, being narrow causeways usually 
following the natural ridge of the country, and probably serving in early 
times as local boundaries. On Dartmoor they are constructed of stone 
blocks, irregularly laid down on the surface of the ground, forming a 
rude causeway of about 5 feet or 6 feet wide."* 

" In 1346 a law was passed to levy a toll on some of the roads leading 
out of London, which were reported to be impassable. In the reign of 
Henry YIII. (1509-1547) laws were enacted binding the several parishes 
to take care of the roads, and annually to select qualified persons to 
superintend them; but simple as are the principles of road making, 
those appointed are seldom sufficiently instructed on the subject, and 
being ratepayers, are too much interested to allow of the requisite outlay. 
Thus many of the parish roads are in a wretched condition, the system 
adopted by most parish surveyors being merely to fill up the ruts and 
inequahties with stones picked from the surface of the land, or gravel 
dug in some convenient spot; this operation repeated in the spring and 
autumn constitutes their whole duty ; no attention being paid to the nature 
of the soil, or the selection of the material that will bind with it to form a 
hard exterior crust." t 

No serious attempt was made, however, to restore the highways until 
the introduction of the turnpike system, after the restoration of Charles IL 
Acts were passed in the year 1653 for widening and repairing some of the 
public roads, and turnpike gates were first legally erected in £ngland in 
1663. The first relates to that from London to Scotland, which passed 
through Hertford, Cambridge, and Huntingdon, where toll was levied on 
all but foot-passengers, owing to the road becoming very bad through the 
heavy loads of barley passing over them in wagons and carts. 

The roads in Scotland, although having lighter traffic and better 
materials for repairs, were said to be in an equally unsatisfactory state. 
The first stage-coach in Scotland was run between Edinburgh and Leith 
in 1610. In 1658 there was a fortnightly stage-coach between Edinburgh 
and London, but it was afterwards discontinued for many years. Acts 

* Smiles* Li/oes of the Engineers, 

t Cresy's EncydopoBdia of Civil Engifieering, 1847. 
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were passed in the Scottish Parliament of 1661, 1669, 1670, 1685, and 
I6S6, having reference to the making, up-keep, and control of roads, and 
many other Acts of a local as well as general application were subsequently 
passed into law for the improvement of public roads. These had reference 
chiefly to statute labour roads as a means of communication in the different 
parishes. 

The unsettled state of the country in the Northern and Western 
Highlands of Scotland, culminating in the rebellion of 1715, brought 
about the necessity for making roads through the heart of these moun- 
tainous strongholds. The carrying out of these was entrusted to 
General Wade, who, between the years 1726 and 1737, constructed 
about 250 miles of roads, which were of the greatest value to the 
country. For the most part the width of these roads was 16 to 18 feet, and 
they had a pitched foundation covered with small stones and gravel. Many 
exciting -scenes were enacted in close proximity to them during the 
smuggling days, when military escorts were common, and before highway 
robberies were put down. In later times, and before railways were 
introduced, these roads were much used for the transit of great herds of 
cattle to the southern markets. 

Legislation, during that period, seems to have been a strong point in con- 
nection with road administration, as appears from the following : — '' It is 
curious to refer to the progress made in turnpike legislation, which may be 
thus stated: from 1700 to 1710, twelve turnpike Acts were passed; from 
1710 to 1720, twenty-one; from 1720 to 1730, seventy-one; from 1730 to 
1740, thirty-one; from 1740 to 1750, twenty-nine; from 1750 to 1760, one 
hundred and eighty-five ; from 1760 to 1770, one hundred and seventy-five ; 
making, up to this period (seventy years), five hundred and thirty Acts of 
Parliament which had received the royal assent. These Acts were limited 
to a duration of twenty-one years, as it was presumed that at the end of that 
period the tolls imposed would not be required ; the clerks of the several 
inists always take care, however, that some creditors of the road should 
remain unpaid, by which means they contrive to keep the trust alive, and 
prevent their own office becoming extinct. The renewal of the Turnpike 
Act is also profitable to the clerk, and since 1830 the term has been pro- 
longed to thirty-one years ; at present (1847) the trusts in existence exceed 
1100."* 

With all this array of Acts for the making and maintaining of highways 
one may imagine that great improvements would have become general; 
this, however, does not appear to have been the case, at all events in the 
north of £ngland, as the following will show : — 

Mr. Arthur Young, in his Six MorUhs^ Tour, published in 1770, writes 
of some of the roads in the north of England : — " To Wigan, Turnpike — 

* Cresy's Eneyclopaodia of CivU Engineering, 1847. 
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I know, in the whole range of language, no terms Bufficientlj expressive 
to describe this infernal road. Let me most seriously caution all travellers 
who may accidentally propose to travel this terrible country to avoid it 
as they would the devil, for a thousand to one they break their necks or 
their limbs by overthrows or breakings down. They will here meet with 
ruts, which I actually measured 4 feet deep, and floating with mud 
only from a wet summer; what, therefore, must it be after a winter! The 
only mending it receives is tumbling some loose stones, which serve no 
other purpose than jolting a carriage in the most intolerable manner. These 
are not merely opinions, but facts ; for I actually passed three carts broken 
down in those eighteen miles of execrable memory.'^ ''To Netacastle. 
Turnpike — A more dreadful road cannot be imagined. I was obliged to 
hire two men at one place to support my chaise from overturning. Let 
me persuade all travellers to avoid this terrible country, which must 
either dislocate their bones with broken pavements, or bury them in 
muddy sand.'' 

From the third report of the Parliamentary Committee on Turn* 
pikes and Highways, 1809, it appears that a convexity of consider- 
able elevation was generally adopted in repairing roads with a view 




Fig. 4.— Croas-section of English road, about 1809. 

to keep them dry. The convexity, approaching the form of a semicircle, 
was such that vehicles kept entirely to the centre of the road, the sides 
being dangerous ; deep ruts were formed, which retained large quantities of 
water and mud, and in a short space of time the road became impassable, 
thus defeating the object for which it was constructed. Clods, rushes, soil, 
and all other materials, soft and hard, were thrown down in a promiscuous 
manner to give the convexity desired, this being surmounted with stones 
from old footpaths, with a small quantity of gravel raked over them to keep 
them together. 

Fig. 4 shows a cross-section of an English road in 1809, the dark portion 
indicating the state of the road previous to being repaired as described 
above; the light shaded portion represents the appearance of the road 
after the repairs were carried out, and previous to the inspection by two 
magistrates on their way to the quarter sessions, who certified " that it was. 
perfectly smooth when they saw it, and that a vast deal had been done 
since the last time they were there." 

Great opposition was encountered as the extension of the turnpike 
system became general. Armed bodies of men assembled with the object 
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of destroying the turnpikes and burning down the toll-houses. So great 
was the contempt of the people for the new order of things, that in some dis- 
tricts they would not even use the new roads after they were constracted. 
The counties in which the greatest disaffection manifested itself were York- 
shire, Somersetshire, Gloucestershire, and many of the counties in Wales. 

The carrying of the mails by stage-coaches and the ever increasing exchange 
of different commodities about the beginning of the present century, exercised 
the public mind as to the importance of having main roads constructed 
between distant centres of population and the coast. Enormous sums of 
money were spent in road construction between the years 1780 and 1830, 
during which time most of the turnpike roads in Scotland were made. 
They were for the most part well laid out and constructed, material of a 
suitable nature being abundant in most counties. The road proper, ex- 
clusive of the ditches and fences, had a minimum width of 20 feet, while 
many were made from 35 feet to 40 feet wide. 

The intermittent and unsatisfactory manner in which road repairs were 
carried out in this country up to about the beginning of the present century 
appears to have been intolerable, and no real improvement was effected 
(although Metcalf made many new roads successfully) till the advent of 
Macadam and Telford. These two latter road-makers were contempo- 
raneous and in some respects advocates of rival systems, and may be looked 
upon as the pioneers of good road construction. The methods adopted in 
effecting imprcyvements and repairs were based on scientific principles, and 
the building of many bridges, where fords and ferries formerly existed, estab- 
lished a better means of communication between different parts of the country. 

Metcalf. — John Metcalf was born at Knaresborough in 1717, and had 
the miafortrme to lose his sight through illness, when about twenty-five 
years of age. After being successively a fiddler, soldier, horse-dealer, and 
carrier, he seems to have undertaken in 1765 a sub-contract for constructing 
a portion of the new road between Boroughbridge and Harrogate, extending 
to 3 miles, a trusty foreman carrying out hia plans. As a road-maker his 
operations extended to Lancashire, Cheshire, Yorkshire, and Derbyshire, in 
which counties he constructed about 180 miles, involving in some instances 
the erection of many bridges, the building of retaining walls and culverts, 
and crossing difficult bogs in a successful manner. Metcalf died in 1810 at 
the age of ninety-two. 

Macadam. — John Loudon Macadam was bom at Ayr, in Scotland, in 
1756, and educated at the parish school of May bole. He passed his youth 
in the United States of America, but returned to Scotland at the close of the 
War of Independence (1783). Immediately thereafter he acted as a road 
trustee, was appointed manager of a district in Ayrshire,'^ and originated 
and successfully practised for many years the system of road making and 

* Chambers's EiicyclopcBdia, 
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repairing now known by his name. He held a government appointment 
from 1796, and resided in Falmouth and afterwards in Bristol, when, in 
1815, he was appointed surveyor of roads in the latter town. It was in 
Bristol, where the roads extended to 178 miles, that he had full scope for 
putting into practice the great improvements in road making which had 
occupied his thoughts, and which he had successfully carried out when in 
charge of the Ayrshire roads many years previously. This was "to put 
broken stone upon a road, which shall unite by its own angles so as to form 
a solid hard surface." "It follows," he adds, "that when that material is 
laid upon the road it must remain in the situation in which it is placed 
without ever being moved again, and what I find fault with in putting 
quantities of gravel on the road is that, before it becomes useful it must 
move its situation and be in constant motion." * The distinctive novelty 
of Macadam's system, the value of which has been established by universal 
experience, was to substitute small angular stones, prepared from larger 
pieces, for the large rounded stones then generally made use of in road 
repairs. 

Macadam's system of construction was simply to spread broken stones, 

m 

2 inches in diameter, equally, so as to form a layer about 10 inches thick 
over the road surface, after it has been levelled and properly drained 
where necessary. The conve^dty given was just sufficient to cause the rain- 
water to run readily off the surface into the side channels. 

Macadam found the roads in the Bristol district loaded with material of 
large and irregular size, to the extent of from 2 to 3 feet in thickness. This 
great amount of rough material (limestone) he utilized by lifting or excavat- 
ing the whole mass, separating it from the mud, and breaking the stones to a 
uniform size of 6 oz. in weight. The formation of the road was then 
properly levelled, and drainage introduced where necessary, the metal pre- 
pared from the rough material being carefully relaid, and regularly raked 
during the process of consolidation by the carriages passing over it. The 
surface of the roads was kept even and clean by the addition of proper fresh 
materials, when necessary, distributed equally in thin layers immediately 
after rain, in order that the new materials might bind and incorporate 
properly with the old. Macadam strongly condemned the use of binding 
material for filling up the interstices in the metal, which he left to work in 
and unite by its own angles by means of the traffic. He says " that every 
road is to be made of broken stones, without mixture of earth, clay, chalk, 
or any other matter that will imbibe water and be affected by frost." 

When reconstructing or repairing a road. Macadam endeavoured to have 
the whole of the material composing it higher than the surface of the adja- 
cent ground, so as to give every facility for the water to escape from the 
bottom as well as from the surface of the road. The size of metal adopted 
• Seport of the Select CommiUee on the Highways of the Kiitgdom^ 1819, p. 22. 
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bj Macadam was that of a cube of 1^ inch; he preferred, however, to 
specify the weight of the stone, and insisted that it should not weigh more 
than 6 oz. 

His system of maintaining the surface of a road was found so beneficial 
that he was engaged as general surveyor by many of the road trusts in 
England and Scotland. By his business-like and extended views on road 
administration, he not only reduced the debt and placed the finances of the 
many trusts on a soimd basis, but established for himself a world-wide 
reputation. 

In 1824 the Road Trustees of the Carse of Gowrie Turnpike Boad 
(Perthshire), between Perth and Dundee, consulted Macadam as to the 
repairs on this highway, which was gradually falling into a state of such 
great deterioration that travelling over it was disagreeable, while the Trus- 
tees had been threatened with a prosecution at the instance of the Post- 
master-General on account of the delay occasioned to the mail coaches. 
The Trustees considered the annual expenditure for the maintenance of 
this road beyond what they deemed necessary imder the circumstances. 
Prom the correspondence which took place between the Boad Trustees and 
^Macadam, it would appear that the prevailing practice in Scotland and 
many districts in England, when forming new roads, was to excavate a 
trench or metal box in which the stones were placed; in other words, 
the material was deposited below the natural surface of the ground, so 
that a mound of earth was raised on either side of the metal bed. The 
subsoil in this part of the country through which the turnpike road 
passed being of retentive clay, Macadam decided to lift the existing road, 
and thoroughly drain the road bed. He also found it necessary to break 
the lai^e stones, some of which were 9 inches in diameter, to a regular size, 
and relay the metalling carefully, any deficiency in quantity being made good 
with a supply of fresh materials. The result of these improvements was 
a thoroughly serviceable road, and the expressions of gratitude conveyed to 
Macadam by the Carse of Gowrie Boad Trustees is a clear proof of the great 
benefit arising from the system adopted in repairing their roads ; the saving 
effected in the maintenance placed the funds of the Trust in a sound 
financial position. It may be interesting to note that, at the time when 
Macadam was engaged by so many road trusts, he had a staff of 300 
sub-surveyors under his charge. In 1827 he acted as General Manager 
of the Metropolitan Boads. The system advocated by Macadam was so 
popular at one time that expensively paved streets, such as that between 
Edinburgh and Leith, were torn up to be remade by the new process. On 
streets having an excessively heavy traffic. Macadam's system of construction 
has no place, and Dublin is instanced as a failure of his method of road 
repairs. 

It is said that Macadam was anticipated in his system of a regularly 
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broken stone covering by Mr. Edgeworth, an Irish proprietor, whose 
system was advocated in An Essay on the Gonstruction of Roads and 
Carriages^ a second edition of which was published in 1817. An article 
which appeared in the Westminster Review in 1825 states that "The name 
of Mr. Macadam deserves a few remarks for other reasons than its present 
popularity. The public naturally took to him as a sort of magician, and his 
invention, as it is thought^ ^ domething preternatural.'' 

" If lus own name had not been macadamizable into a verb, it is probable 
that his roads would have been little known. He did not invent the 
method in question of breaking stones, because it had long been the 
practice of Sweden, Switzerland, and other countries, and was long known 
to every observing traveller." * 

In view of what has been stated, it seems curious that the road engineers 
in France, where the highways were considered, at the beginning of this cen- 
tury, to be superior to any in Europe, should not have adopted the system 
which it is said prevailed in the countries mentioned, in preference to 
Macadam's method, which was practised between 1820 and 1830 and 
officially adopted in that country at the latter date. 

It may be further mentioned that the system promulgated by Macadam 
was practised by him in Ayrshire at least thirty years previous to the appear- 
ance of Edgeworth's essay or the article referred to in the Westminister 
Review, 

It is considered by all impartial observers that Macadam was the 
pioneer of good road construction and administration, and by his practical 
abilities was entitled to the reputation of a public benefactor. He died 
at Mofifat in 1836 at the age of 80 years. 

Telford. — Thomas Telford was born in the district of Eskdale, in the 
county of Dumfries, on the 9th of August 1757, and obtained the 
rudiments of his education in the parish school of Westerkirk. Learning 
the trade of a mason, he subsequently studied architecture in Edinbui*gh, 
and latterly in London, and being a man of ability he soon established 
himself as a leading engineer. 

Bridge building was his great forte, but he carried out many other 
engineering works, particularly that of laying out and constructing new 
roads in all parts of the kingdom. He held the appointment of Surveyor of 
Public Works in Shropshire subsequent to the year 1787, and in that 
capacity he erected many fine bridges over the Severn. 

His first undertaking as a road-maker on an extensive scale was in the 
Highlands of Scotland, whither he was sent by the Grovernment in 1802 to 
report as to the best means of developing the resources of the country. 

• The Wettminater Review^ vol. iv. (July, October) p. 854. " The Commercial 
Power of Britain." By the Baron Dupui, etc. Translated from the French. G. Knight, 
London, 1825. 
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He adnsed the opening out of the country by a complete system of roads, so as 
io bring the interior parts into communication with the towns and the coast. 

Under his direction, and by the aid of Parliamentary grants, amounting 
to £450,000, roads extending to 920 miles were laid out and constructed, 
and owing to the hilly and rugged nature of the country, works of con- 
siderable magnitude had to be undertaken, including 1117 bridges. This 
work was carried out in the course of eighteen years, under 120 con- 
tracts, and without recourse being had to a court of law in any one instance. 

The following specification, drawn up by Telford and referring to the 
construction of the Highland Roads, is given in detail, having a peculiar 
interest, especially at the present time, in so far as it refers to one of the 
largest pieces of road making undertaken at any time in this country. 

Obnbral Specification fob thb Highland Roads. 

« ''The road to be formed to the full breadth of 20 feet in the clear, 
induding the side drain and green margin, except on places where there 
is an absolute necessity for cutting the whole breadth of the road in solid 
Tock; and in those places the breadth of the road shall be 18 in the 
42leaT, between the parapets which may be necessary for a safeguard, and 
ihoee parapets are to be 2 feet in thickness at the bottom, so that in rock 
the cutting will be 20 feet in breadth, and in all cases the road is to be so 
laid out^ that there shall be no quick bendings, nor its upper side interrupted 
by points of rock. 

" On dry bottomed ground, gravel of a proper quality, out of which all 
£tone8, above the size of a hen's egg, shall have been previously taken, shall 
be laid to a depth of 14 inches in the middle, and 9 inches at the sides ; 
but the stones which are taken out of the gravel, and do not exceed 4 
inches in size, may be laid for that thickness below the gravel, and in that 
caee 10 inches only of cleansed gravel will be required. 

" On mossy ground or swampy soils, if the moss or soft matter is not 
more than 2 feet in thickness, and a hard bottom below this moss or soft 
matter, it is to be wholly removed, and the road formed on the harder 
substance as above described ; but when the moss or soft matter is more 
than 2 feet in depth, the contractors are to have their option of either 
removing it, or forming the road upon the top of it in the following 
manner. 

" Where the surface is level, and covered with sound sward or heath, 
there must be laid two rows of swarded turf, with the swarded side of the 
one downwards and of the other, which is to receive the gravel, upwards ; 
or otherwise, where turf cannot be readily procured, the surface of the moss 
or soft matter may be covered with a layer of brushwood or heath, which, 
when compressed, shall not be less than 6 inches in thickness ; upon the 
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surface so compressed and prepared, there shall be laid gravel, cleaned as 
before described, to the thickness of 18 inches in the middle and 13 inches 
at the sides. 

*' In all cases, whatever be the nature of the soil, the road is on all the 
flat ground to be brought to a perfect level from side to side, before the 
gravel is laid on ; but in all cases where the road is to be raised on the one 
side by moved ground, while the upper side is on the natural ground, the lower 
side of the road, when finished, is to be from 4 to 6 inches higher than the 
upper side, in proportion to the quantity of moved ground on the lower side. 

" In side cuttings in steep banks, even if there is no moved ground on 
the lower side, still the lower surface of the finished road is to be on at 
least 4 inches higher level than the upper side. Where the ground is level 
or flat, the road is to be gravelled to 18 feet in width, and to have a border 
of green turf on each side, 1 foot in width. 

" When the road is formed on a sloping bank, where no parapets are 
necessary, there is to be a border of green turf on the lower side of the road, 
1 foot in breadth in the clear. 

" The drains are to be formed perfectly regular, and so as the course 
of the water shall not be interrupted by points of rocks or sudden turnings ; 
and where the soil is soft and loose, these drains on the upper side of the 
road are to be paved with small stones, not less than 4 inches in depth. 
These pavements are to be made at the places pointed out by the inspector ; 
they are to be carried to the extent, and made in the shape, he shall direct. 

*' Where the parapets are necessary, the road is to be gravelled to the 
breadth of 18 feet as before described. And also the said contractors bind 
themselves and their foresaids to make in a sufficient manner all back 
drains, of such dimensions, and in such directions, as shall be necessary 
for effectually collecting and conducting the water in a proper manner from 
the higher grounds to the nearest bridges or covered drains, especially 
where the road is formed along steep and sloping banks, and the ground is 
wet and swampy, and that at the places which shall be pointed out by the 
said surveyor, so that the road shall always be kept free from water. 

" Where the road is to be formed upon level ground, and particularly 
where it is mossy and swampy, side drains are to be made of sufficient depth 
to drain the ground, and in all cases quite sufficient to carry off the water. 
These side drains to be made with a slope from the road to within 1 foot 
of the further side of the drain, so that if the depth at the further side be 
30 inches, the width at top shall be 6 feet, and so more or less in proportion 
to the depth, and which side drains shall be made at the places approved 
of by the surveyors : and also to make covered drains of dry stones at all 
places where necessary ; the inside walls of these drains are not to be less 
than 2 feet in thickness, and the stones for that length to be laid regular r 
these covered drains shall in no instance (without particular directions in 
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writing from the principal engineer employed by the Commissioners) be 
less than 2 feet square ; they are to be properly secured in the bottom by 
paving with stones set on edge ; the pavement as well as the sides are to be 
secured at both ends of the drains by stone work, so that it shall appear 
evident there is no risk that they shall be injured by the water, where it 
enters into or issues from the drain. The stones with which the 2 feet 
drains are covered are to be not less than 3 feet in length and 4 inches in 
thickness, and laid so close together on stones of equal length overlapping 
each joint, as shall effectually prevent the gravel from passing down into 
the drain, and leaving a hole in the road. But in case it shall be discovered 
during the execution of the road that, instead of some of the 2 feet, the 
road may be better protected by making a greater number of drains of 
smaller dimensions, the contractors, upon receiving instructions in writing 
from the principal engineer, shall execute them in such a manner, and 
counting two drains of 18 inches, or three drains of 12 inches, in lieu of 
one drain 2 feet square, and in case of drains of 18 inches being made, 
the stones of the covers shall not be less than 30 inches in length; if 
12 inches, the covers to be 2 feet in length ; and in order to secure the 
due execution of the said covered drains, it is expressly declared that the 
same shall be subjected to the inspection and approval of the resident 
surveyor before the covers are laid on, that he may be satisfied that 
the bottoms are properly paved, and the sides are built in a sufficient 
manner; and after the said drains are covered, the backs of the build- 
ings are to be made up with stones to the level of the upper beds of 
the covers, and the said drains shall be constructed so that they shall 
have a sufficient covering of gravel, not exceeding 12 inches, to the 
satisfaction of the surveyor, without causing any swell on the road. And 
also the said contractors bind and oblige themselves, and their foresaids, to 
build and erect breastworks of stone at all places where necessary on the 
lower side of the road, along the side of water-courses, or on sloping banks, 
or on rocks ; the foundation of the. said breastwork must be cut into the 
rock or solid ground for the whole breadth of the base of the wall or breast- 
work which is to be placed on it, as hereafter described, and its direction 
is to be dipping into the hill at a right angle with the slope of the face of 
the breastwork. If it shall be necessary to make the breastwork 3 feet in 
height, from the foundation to the level of the lower side of the road, 
the breadth of the foundation shall be 24 inches, and 18 inches at the 
top, or level of the lower side of the road. If the height is 4 feet, 
the breadth of the foundation is to be 30 inches, and at the top 24 
inches. If the height is 6 feet, the breadth at the foundation is to 
be 3 feet, and 2 feet at the top. If the height is 8 feet, the breadth 
of the foundation is to be 4 feet, and at the top 2 feet, and so on in 
proportion to any greater or lesser height. In forming these breastworks, 

B 
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the stones are to be laid in regular manner, quite through the thickness here 
described ; the slope which is necessary to bring the wall to its thickness 
at the top is all to be taken off the outside, and the stones are to be laid 
mostly lengthwise into the wall ; the space behind the breastwork and natural 
ground, up to the level of the top of the formed roadway, is to be filled up 
with coarse gravel or stones (neither sand, sods, nor moss to be used), and if 
with stones they are to be covered and brought to the levels formerly described, 
with a layer of strong swarded turf, before the cleansed gravel is laid on. 

" At all times, when the nature of the cutting makes it possible, the 
resident overseer shall have an opportunity of examining the breastwork 
when completed, before the inner side shall be filled up with stones or 
gravel as aforesaid ; and also, where it shall be necessary for the due execu- 
tion of the said road, to erect parapet walls above breastworks, or upon 
rock, they are to be built with stones laid in good lime mortar, agreeably to 
the ground report. 

" These parapets are to be 2 feet wide at the foundation, and 18 inches 
at the top. The height above the finished roadway is to be 2 feet 9 inches, 
including a coping of stones 9 inches deep. These coping stones are to be 
chosen so as to meet one another in close regular beds or upright joints, to 
be firmly wedged together, and pointed with lime mortar. 

'* At each extremity of the parapets the copings are to be well secured 
with the ends turned down under the roadway, and also where it shall be 
necessary in forming the road, to cut and remove earth from the higher side, 
to the depth of 2 feet or more, the road must be formed 21 feet 6 inches 
wide, and, to prevent the earth from falling into the drain on the upper side 
of the road, a wall of dry stones must be erected of a height according to 
the depth of the cut. The foundation of these retaining walls is to be laid 
in all cases 6 inches below the bottom of the drain, on the upper side of the 
road : there the thickness is to be from 15 to 18 inches to the height of 
4 feet ; above that height, they are to be one-third of the thickness. The 
stones with which they are to be cojastructed are to be laid in a regular 
and workmanlike manner for the whole thickness of the wall : they are to 
be carried to such a height, that the slope from them to the solid ground of 
the bank above is not to be less than two horizontal to one perpendicular, 
and that slope to be covered with turf laid flat. 

" And further, the contractors are to be bound to cut down all heights, 
fill up all hollows, and blast all rocks upon the said line of roads, as 
pointed out by the said reports, and which shall be requisite and necessary 
for the same : and further, the said line of road shall be formed and pre- 
pared for the gravel for one mile at least per advance to the satisfaction of 
the surveyor employed by the said commissioners before any of the cleansed 
gravel is laid on."* 

* Crcsy's Encyclopoddia of Civil Engineering^ 1847. 
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Where the ground on which the road materials were to he spread was 
of a soft nature, a concrete foundation composed of bme and gravel or hard 
atone, and varying in thickness from 6 inches to 12 inches, was spread over 
the entire surface, and broken stones laid on before the concrete became set, 
80 that it might bed itself and become firmly united with it. 

Telford, in 1816, directed the works in connection with the improving 
of the road between Glasgow and Carlisle, the old road having become impass- 
able. The improvement and reconstruction of this road were undertaken as a 
work of national importance, and £50,000 were granted by Parliament with 
this object. The method of constructing this road differed materially from 
those carried out in the Highlands, as it was necessary to provide for the 
transit of the mail and heavy coaches, the gradients being made easy, 
not exceeding 1 in 30. The old road was in length 102 miles; the 
existing one is not more than 93, and in order to gain this nine miles it 
was necessary to reconstruct 69 miles entirely, and to build fifteen new 
bridges, excluding which the cost of the road making was about £1000 per 
mile. It was specified " that the breadth was to be 34 feet between the 
fences, 18 of which were to be metalled, and the remaining 8 feet on 
each side to be covered with gravel. In all embankments the width on 
the top to be 30 feet, and the side slopes \\ horizontal to 1 perpendicular; 
in all cuttings above 5 feet the width between the lower skirts of the 
slopes 30 feet, all below that depth to be 34 feet. The slopes of all the 
cuttings to be at the same rat#s as the embankments. 

" The surface of the road longitudinally, or lengthwise, in all cases where 
there were cuttings and embankments, to be formed as shown, and in no 
instances the ascents or descents to exceed 1 in 30, and the changes from one 
to the other to be made in regular curves, to the satisfaction of the inspector. 

"Where there were side cuttings, and a part of the road made on 
moyed ground, the surface of the lower part or moved ground to be higher 
than that of the upper side to allow for consolidation, so that when finished 
it might have the proper level. In the middle of the road a metal bed to be' 
formed, and in all cases where the ground was nearly level, the metal to be 
laid upon the natural surface of the ground, so as to have a curvature of 
4 inches, in the middle 18 feet, and the sides or shouldering to be made 
with moved ground, but on no account is the metal bed to be cut out of 
the natural ground, unless that be loose gravel or rock. 

" The metalling to consist of two beds or layers, viz., a bottom course of 
stones, each 7 inches in depth, to be carefully set by hand, with broadest 
end downwards, all cross bonded or jointed, and no stone to be more than 
3 inches wide on the top. These stones to be either good whinstone, lime- 
stone, or hard freestone ; the vacuities between to be carefully filled with 
smaller stones packed by hand, so as to bring the whole to an even and 
firm surface. 
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'' The top course or bed to be 7 inches in depth, to consist of properly 
broken stones, none to exceed 6 ounces in weight, and each to pass through 
a circular ring 2^ inches in diameter in their largest dimension. These to be 
of hard whinstone, the quality of both bottom and top metal to be determined 
by the inspector. In eyery 100 yards in length on each side of the road, 
upon an average, there was to be a small drain from the bed of the bottom 
layer to the outside ditch, as directed by the inspector. When the height 
of the embankments exceeded 3 feet, they were to stand from one to three 
months, in proportion as they increased in depth, as determined by the in- 
spector. Over the upper bed or course of metal to be a binding of gravel of 1 
inch in thickness upon an average ; the cross-section of the finished roadway 
to have a curvature of 6 inches ; in the middle 18 feet, and from that on each 
side a declivity at the rate of half an inch in a foot, to within 18 inches of the 
fences; the remaining space of 18 inches to have a curvature of 3 inches, 
making in all about 9 inches on each side below the finished Iroadway. 

*' In passing morassy ground all the surface upon which the road is to be 
placed, viz., between the fences, to be brought to a curvature of 12 inches 
in the middle, and to be secured with two rows of good swarded turf, the 
lower end to be laid with the swarded side downwards, and the upper one 
with it upwards. The metalling upon the said mossy ground to be made 
20 feet in width ; a drain to be cut alongside of the road, 4 feet wide at the 
top, 18 inches at the bottom, and 3 feet deep. 

" Cross Drains, — Nine to be made in every mile in length, placed in 
situations marked out by the inspectors; 18 inches wide, 16 inches high at 
the upper end, and 22 inches high at the lower end ; their bottoms to be 
paved with flat or small pebble stones, 4 inches in depth. The foundations 
of the side walls to be laid at least 6 inches below the level of the bottom 
of the drain, and these not to be less than 18 inches in thickness,. laid in 
regular courses, faced on both sides in the manner of a good stone dyke. 
The top of each to be properly levelled, and covered with a firm turf 2 
inches in thickness to form a bed for the covers. The covers to be 2 feet 
6 inches in length and 4 inches in thickness ; their side joints to be made 
straight, so as to unite closely, the parts which lie on the turf to be flat. 

" These drains must be of a length not only to cross the road, but the 
fences on each side, also the slopes of the embankments, and pass fairly 
into the fields or natural water-courses ; from the ends of the drain, wing 
walls to be extended 5 feet in a curved direction into the solid ground, 
these to be of the same thickness as the side walls, founded at the same 
depth, and carried to the same height, and coped with two rows of swarded 
turf. The bottom between the wing walls to be paved with stones not less 
than 6 inches in depth, and well secured at the extremities by stones 12 
inches in depth, and these to be well secured at the upper ends, and con- 
nected with the firm ground and side drains. The whole body of the drain 
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k> be of such a depth as to admit of a turf being laid over the covers, and 
the fall quantity of road metal and binding, without raising the longitudinal 
line of road. At each end of the cross drains, the water which passes along 
the side of the road to be introduced by a proper opening, protected by a 
stone cover ; this entrance to be paved at least 5 feet in length. In passing 
through morassy ground, the bottom of the drains to be laid with flat 
stones quite across, and at least 12 inches under each side wall, to be con- 
tinued quite to the extremity of the wing walls. 

" To keep this road in repair after it was made required at the least SO 
cube yards of broken stone per mile, and at the most 120 per annum ; the 
cost of which varied from £20 to £i6 per mile." * 

Fig. 5 is a cross-section of the Glasgow and Carlisle Road, showing cross 
and surface water drains. 

From Scotland Telford extended his operations to England and Wales, 
where the roads, which had been laid out some years previously, were in 
such a condition as to require to be reconstructed. The Government in 
1815 engi^ed Telford to make the Shrewsbury and Holyhead Road — one 




Fio. 5. — Cross-acctiun of road sliovring cross and surface water-draiui>. 

of the finest pieces of road-engineering carried out up to that time in the 
world, and the Menai and Conway bridges in connection with it. This 
road was considered, owing to its lying in the direct line of commxmication 
between England and Ireland, of sufficient importance to be deemed a 
National undertaking. Its condition, along with the portion to London, was 
reported on annually by Telford till his death. 

The construction of this road ia practically similar to that of the Glasgow 
and Carlisle road, a cross-section of a 30 feet roadway being shown at fig. 6. 

Such were the great improvements effected by Telfoid in cfirrying out 
these works, that the Select Committee of the House of Commons in 
reporting on the matter, stated as follows : — 

" The professional execution of the new works upon this road greatly 
surpasses anything of the same kind in these countries. 

" The science which has been displayed in giving the general line of the 
road a proper inclination through a country whose whole surface consists of 

* Creay's Encyclopaxfia of Civil Fngineering, 1847. 
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a succession of rocks, bogs, ravines, rivers, and precipices reflects tho 
greatest credit upon the engineer who has planned them; but perhaps a 
still greater degree of professional skill has been shown in the construction, 
or rather the building of the road itself. The great attention Mr. Telford 
has bestowed to give to the surface of the road one uniform and moderately 
convex shape, free from the smallest inequality throughout its whole 
breadth, the numerous land drains, and, where necessary, sewers and 
tunnels of substantial masonry with which all the water arising from 
springs or falling in rain is instantly carried off; the great care with which 
a sufficient foundation is established for the road, and the quality, solidity, 
and disposition of the materials that are put upon it, are matters quite n&w 
in the system of road making in tihese countries." * 

^...Slo",^^ /8'.o\. 4...^>.V_, 
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Fio. 6. — Cross-aectioji of Shrewsbury and Holyhead Road — Telford. 

The following rules were prepared by Telford in 1820, as instructions to 
those in charge for the proper maintenance of the road between London 
and Shrewsbury, at the instance of the Parliamentary Commissioners : — 

General Rules for Repairing Roads. 

i. shape or gross-section. 

Rkde 1. — Upon a road of 30 feet in width, the sides should be 9 t 
inches below the surface of the middle. The best line of the cross-section 
is a segment of a flat ellipse. This shape not only assists the water to pass 
from the centre towards the sides, but contributes to the drying of the road 
by allowing the action of the sun and air to produce a great degree of 
evaporation. Surveyors ought to use a level in giving roads a proper shape^ 
in order that the surface may be of one uniform curvature, without the 
smallest deviation in any one spot from the prescribed line of the cross- 
section. 

II. DRAINAGE. 

Rule 2. — All ditches ought to be on the field side of the road fences, 
and to be connected with the natural water-courses of the country. 

* JSep&rt from the Select Committee on ihe Baad from London to Holyhead in th^i 
year 1819. 

t Telford afteru'ards considered 6 inches sufficient for this width. 
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The stone cross drains and culverts which pass under the road should 
be numerous, and continued through under the fences into the ditches. 

In order to keep a road perfectly dry, openings of mason- work should 
be made from the side drains of thd road into all these cross drains, to 
carry off the water collected from the surface of it. The bottom of these 
cross drains must be well paved, particularly at these openings. 

It ought never to be forgotten that in order to have the surface of a 
road perfect, it must be kept completely dry. 

All land springs ought to be carried from the side of the road by 
under-draining. 

III. TREES AND FENCES. 

Rule 3. — It is absolutely necessary to remove trees from the sides of 
roads, and to keep the fences under 5 feet in height. Not less than 20 
per cent, of the expense of repairing roads is incurred by the trees and the 
improper state of the fences keeping the roads wet, and by that means 
occasioning the rapid destruction of the materials. 

IV. MATERIALS. 

Rule 4. — Where the materials are quarry or field stones, the hardest part 
of them should only be used. Each stone should be so broken that it may, in 
its largest dimension, pass through a ring 2^ inches in diameter. Hammers 
with slender handles, light and well-steeled, must be made on purpose for • 
breaking them. This work ought always to be done by measure, either at 
the quarries or in proper recesses made for the purpose on the sides of 
the road. Men who are past hard labour, and women and boys may be 
employed on it. 

Rule 5. — \yhere the materials consist of gravel, the stones only which 
exceed I^ inch in size should be taken from the pits for the repairing of 
the middle part of the road, of 18 feet in breadth. These ought to be raked 
together as the gravel is thrown up by the workmen. This process will, in 
most cases, save the expense of riddling and washing the gravel. The small 
gravel and gravelly portions of the pit may be used for the sides of the roads 
and the footpaths. Every gravel stone which exceeds 1^ inch in size ought 
to be properly broken, either in the pits or in the aforesaid recesses. A 
pronged shovel should be used in putting the stones into the barrows. 
Surveyors should pay very particular attention to this rule, because the 
common use of a mixture of round gravel and clay is a public nuisance, 
and must be got rid of. When a surveyor obstinately persists in this prac- 
tice, the trustees should dismiss him. 

V. DISPOSITION OF MATERIALS. 

Rvle 6. — Where a road has no solid and dry foundation, it must be con- 
structed anew. It must be well drained, and put into a proper form. Upon 
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the 1 8 centre feet of it stones must be put, forming a layer 7 inches deep. 
Soft stones will answer, or cinders, particularly where sand is prevalent. 
These bottoming stones must be carefully set by hand, with the broadest 
end down, in the form of a close, neat pavement ; the cavities should be 
filled with stone chips to make all level and firm, and no stone should be 
more than 5 inches broad on its face. This proportion of a solid and level 
foundation is the most essential point to be secured in order to have a 
perfect road, and that the draught of carriages may be eased as much as 
possible. Over this bottoming of stones or cinders, 6 inches of stones, of a 
proper quality, broken to a size that will, in their largest dimensions, pass 
through a ring of 2| inches diameter, must be laid. The 6 feet of the road 
on each side of the 18 centre feet (making 30 feet), when formed of a proper 
shape, may be covered with 6 inches of good clean gravel or small stone 
chips. 

Where a road has some fotmdation, but an imperfect one, or is hollow in 
the middle, all the large stones appearing on the surface of it must be raised 
and broken ; the 18 centre feet of it must then be covered with a coating of 
broken stones, sufficient to give it a proper shape, and to form a bed of solid 
materials of at least 1 3 inches in depth, to make it solid and hard. 

Where a road already has a good foundation and also a good shape, no 
materials should be laid upon it but in thin layers, for the purpose of filling 
ruts and hollow places as soon as they appear. Stones broken small, as above 
described, being angular, will fasten together. In this way a road, when 
once well made, may be preserved in constant repair at a small expense. 

Where the breadth of that part of a road which alone has been formed 
of hard materials, and over which the carriages commonly pass, is less than 
18 feet, it must be widened with layers of broken stones to that breadth, 
first digging away the earth and forming a bed for them with pavement and 
broken stones, at least 10 inches deep. Near large towns the whole breadth 
of the roadway should be covered with broken stones. 

VI. MANAGEMENT OF LABOUR. 

RtHe 7. — All labour by day's wages ought, as far as possible, to be dis- 
continued. The surveyors should make out specifications of the work of 
every kind that is to be performed in a given time. This should be let to 
contractors, and the surveyors should take care to see it completed according 
to the specifications before it is paid for. Attention to this rule is most 
essentia], as in many cases not less than two-thirds of the money usually 
expended by day labour is wasted. 

In all probability the contract system was introduced with a view 
to get rid of the paupers then employed on the Holyhead road, as Telford 
afterwards, in 1819, on some portions of this road, at least, placed 
foremen in charge of 4 to 6 miles of road, having under them a 
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saflScient number of laboureis to keep the road^n proper shape. Further, 
in 1823, he says that ''a certain number of labourers ought always to 
haye the care of the surface of the road, and never quit it for a single day 
to do anything else ; they will always have sufficient to do in spreading 
materials in ruts and hollows, in scraping the road, in cleaning out the side 
channels and keeping open the water-courses, and generally in maintaining 
the road in a clean and sound state. A few men constantly so employed 
will do a great deal towards the preservation of a road, while the greater 
number of workmen should be as constantly employed in providing materials 
by contract work." 

It is noticeable, however, that in the Highlands of Scotland and in 
Wales, where the population was sparse and labour difficult to obtain, that 
he invariably adopted the contract system of maintaining the roads. 

Telford, in 1830, supplemented these foregoing general rules by the 
following specification : — 

Spbcification for the regulation of the surface between the fences, so as to 

establish uniformity in the cross-section. 

1. The road is to be 30 feet wide, with a fall of 6 inches from the 

centre to the side channels, but exclusive of the footpaths. 

2. Two sods to be laid on each side of the road, one upon the other; the 

lower one 12 inches wide, the upper S inches, and each 4^ inches 
in thickness ; and in such manner as to form curved edges when 
they grow together ; the top surface of the sods on each side to be 
exactly on the same level. 

3. On one side of the road a footpath to be made behind the sod ; it is 

to have an inclined surf ace of 1 inch in a yard towards the road; 
and another sod to be laid along the outer edge of the footpath, 
8 inches wide, on a level with the footpath. 

4. On the other side of the road a flat mound of earth to be formed 

behind the sods, on a level with the top of them, 5 feet 8 inches 
wide ; the surface of this mound to be made with sods or sown with 
grass seeds. 

5. The waste land, where there is any, on each side between the foot- 

paths or the mound and the road fences, to be dug over in the 
breadth of 4 feet, at right angles to the fences, and made quite 
smooth ; when these wastes ar^ covered with grass, the sod to be 
pared off each breadth and laid on the breadth last dug; when 
they are not in grass, the new surface is to be sown with hay seed. 

6. If there is a ditch on the roadside of the fence, or if the road fence 

consists of a high bank, a new post and rail fence is to be made 
close along the footpath and mound, with a ditch on the field side 
at least 3 feet deep. 
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An instance of what can be done by proper engineering in the laying 
out of a new road, or improving the gradients of an existing line of com- 
munication, may be gathered from the following facts of a case in which 
Telford's skill as an engineer may be cited. An old road in the island of 
Anglesea, 24 miles in length, so undulated that a horse ascended and 
descended 1283 feet of vertical height more than was found necessary by 
the new line of road, and the distance was shortened by 2^ miles. Another 
instance of what could be done in relieving the public of unnecessary and 
avoidable ascents, and which add greatly to the tractive power entailed, 
may be mentioned. On the road from London to Barnet the rise or 
number of perpendicular feet which a horse must now ascend is upwards of 
1300, although Barnet is only 500 feet higher than London; and vice versa^ 
a horse must ascend 800 feet, although London is 500 feet lower than 
Barnet. 

The introduction of railways in this country had a disastrous effect on tbe 
turnpike system of collecting revenue, the traffic, mainly passenger, being 
diverted to the more expeditious and economical means of locomotion. Tliis 
particularly applied to roads which connected large towns, and after the 
completion of the railway system, running in many cases parallel to these 
roads, the decreased revenue caused by the diverted traffic and revenue was 
of an almost revolutionary nature, thousands of stage-coaches being thrown 
out of employment. Many main roads became of little importance; but 
those, including statute labour roads, running at an angle with the railways, 
connecting the districts on either side, became the great feeders in tbe 
exchange of products, and for the most part require in modern times 
the most attention. It is not to be wondered at, therefore, that, as the rail* 
ways grew in favour, the revenue of the ' turnpikes ' became gradually less 
each year. This change in the course of events was anticipated by many 
before railway communication was an accomplished fact, and methods were 
proposed to meet the change of circumstances which would necessarily be 
entailed. 

It was not, however, till many years after the new mode of travelling 
came into existence that county authorities saw the necessity for a change 
in the turnpike system, so as to obtain a revenue for the proper maintenance 
of the roads. 

In 1865 and following years * local Acts ' were obtained, abolishing tolls 
in certain counties in Scotland, and in 1878 there was passed for this pur- 
pose a general permissive Act, which was to be compulsory after 1883, 
under which all roads are classified as highways. 

The method of raising revenue under the old system of statute labour, 
generally commuted and paid for as plough gates, etc., and tolls adminis- 
tered by a great many trusts, with no view in common, seems to have been, 
a very cumbrous piece of machinery. The management, apart from that 
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of maintaining the roads, cost considerable sums in the form of profit to the 
tacksman, amounting in some cases, it is said, to oyer JB9 per mile. It is 
very evident that this profit, in addition to the expense of repairing the tollr 
houses, gates, etc., formed a sum which, had it been applied direct to the 
maintenance of the roads, would have been sufficient to keep them in 
excellent condition. 

The dispute3 arising between the collectors, the public who used the 
roads, and the trustees, were numerous, litigation in a perpetual form being 
the order of the day. 

This, no doubt, was a weak spot in the turnpike system, which, combined 
with the introduction of railways and consequently reduced revenues, was 
mainly instrumental in bringing about a new order of things. 

The present system of raising the necessary revenue for road purposes, 
viz., by assessment on rental, one half being payable by the proprietor, the 
other half by the occupier, appears to answer well, although those not using 
the highways directly consider themselves aggrieved. As, however, all 
articles of consumption pass over the roads, the ratepayer is saved 
indirectly in the purchase of all such commodities. 

The extended powers for the further improvements of highways con- 
ferred on Coimty Councils by the " Local Government Acts " (England 
1888, Scotland 1889) admit of the different counties and districts thereof 
concentrating the management in a uniform and intelligent manner. 

By these means plant for the repairing of the roads can be purchased, 
such as rock drills, stone-breaking machines, steam rollers, and many 
other appliances. Greater efficiency is, therefore, now possible by their 
proper application, while economy in carrying on the work of maintenance 
is promoted by judicious management. 



PART L 

CHAPTER I. 

RESISTANCE TO TRACTION — WHEELS AND WEIGHTS ON THEM. 

Pbkyious to entering upon the subject proper of road construction, it will 
be necessary to notice briefly the effects of the resistance to traction on a 
road surface, and the points to be considered in determining the ruling 
gradient which should be adopted on a proposed road, according to the 
situation, and the class of traffic likely to pass over it. 

The main external forces which offer resistance to the motion of vehicles 
upon roads are : — Friction, collision, gravity, and air resistance. 

1. External Forces affecting the Motion of Vehicles. — (1) Friction, 
— This arises from the rolling resistance of the wheel tires when in contact 
with the surface of the road. It involves the consumption of part of the 
force exerted by the prime mover. Under friction may be considered the 
resistance of penetration, which is brought about by a yielding road surface, 
that is, a weak and inferior road, or one on which gravel or loose stones 
have been spread, also on soft earth. In these circumstances the resistance 
to traction is less the larger the diameter of the wheels, as larger wheels 
sink less and spread along a greater surface than wheels of less diameter ; 
the areas of immersion, however, are equal in either case. 

Resistance arising from the friction of the axles is nearly constant at all 
velocities, and may be neglected. It may, however, be mentioned that with 
wheels of ordinary construction the resistance amounts to from -psir ^ r^ ^^ 
the weight on the axle, or 17 to 22 lbs. to a ton of load. Friction of the 
wheel on its axle is independent of the condition of the surface of a road. 

(2) Collision, — This may be caused by the want of uniformity or 
irregular condition of the surface of a road, or may be occasioned by hard 
substances, such as loose stones, which give a sudden check to the forward 
movement of vehicles. Considerable injury is done to a road surface by a 
vehicle surmounting any hard substance, and the wheels descending with 
great force tend, by repeated blows, to wear holes in the surface, even on 
roads maintained with the hardest material. By the carriage being 
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mounted on springs, the power required to draw a vehicle over an 
obstacle of this kind is lessened, and the damage to the surface of the 
road is also greatly reduced. 

(3) Gravity. — When a road is on an incline, the additional influence 
due to gravity, which is proportionate to the steepness of the gradient, 
must be allowed for in arriving at the greatest tractiye force which the prime 
mover is capable of exerting. The resistance due to gravity on an incline is 
found approximately by dividing the number of pounds in a ton by the rate 
of inclination. 

(4) Air Resistance. — This varies according to the velocity of the wind, 
the area of the surface acted upon, the velocity of the vehicle, and the angle 
or direction at which it impinges against the planQ of the surface. At a 
velocity of 15 miles an hour, equivalent to a pleasant breeze, the force 
of the wind is equal to 1*107 lbs. per square foot, while at a velocity of 
50 miles an hour, amounting to a violent storm, the force is equal to 
12 '30 lbs. per square foot of surface. 

2. Tractive Force. — ^The power required to move vehicles along a road 
depends on, and varies greatly according to, the condition of the surface of 
the road. The force or pull which a horse has to exert to draw a load on a 
level macadamised road in ordinary repair may be taken at ^ of the load, 
but may vary from ^ of the load on roads in the best condition to t^V on roads 
the surface of which is badly maintained, and broken by ruts and hollows. 

Authorities, however, differ widely on the subject of the tractive power 
of the horse, and this will be obvious when the varying diameters of 
wheels of vehicles and the strength and speed of different animals are 
taken into consideration, along with their adaptability or training for any 
particular class of work. 

Table I. 



Materials. 


Resistance to 

Traction on 

Level. 


Tractive Force 
in lbs. required 
to move one ton 
on a Level. A. 


Asphalted roadway 

Paved roadway, dry and in good order, . . . 
„ ,, in fair order, .... 
„ „ but covered with mud. . 
Macadamised roadway, dry and in good order, 

,, in a wet state, . 
„ ,, in fair order, 
,, ,, but covered with mud, 
,, ,, covered with loose stones, 




10 
1-5 to 2-00 
2-0 to 2-6 
20 to 2-7 
2-6 to 3-0 

8-3 

4-5 

6-5 
5-0 to 8-2 


15 
22-5 to 30-0 
80 to 87-6 
80 to 40-5 
87-6 to 45-0 

49-5 

67-6 

82-5 
76 to 128 



The figures in Table I. are now generally adopted in arriving at the 
relative tractive force necessary to draw a load on different kinds of 
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material composing a Toad surface. "^ Asphalte is taken as the standard of 
excellence, and in the extended part of table, under A, 15 lbs. is allowed for 
the force necessary to draw one ton on a level on that class of road. 

On a macadamized road maintained in excellent order the table 
shows that the force put forth by the prime mover is 45 lbs. per ton, 
or a tractive force exerted of -^j^ of the gross load. On a road which is only 
in fair order, slightly cupped, or has an irregular surface, the tractive force 
exerted rises to ^ of the gross load, while on a road having the surface 
covered with loose stones the draught or tractive force necessary to be put 
forth amounts to, at its worst, -^ of the gross load. 

3. The following are the general results of the experiments made by 
M. Morin upon the resistance of the traction of vehicles on common roads : — 

1st. The resistance to traction is directly proportional to the load, and 
inversely proportional to the diameter of the wheel. 

2nd. Upon a paved or a hard macadamized road the resistance is 
independent of the width of the tire, when this quantity exceeds from 
3 to 4 inches. 

3rd. At a walking pace, the resistance to traction is the same, under 
the same circumstances, for carriages with springs and for carriages without 
springs. 

4th. Upon hard macadamized roads and upon paved roads, the resist- 
ance to traction increases with the velocity — the increments of traction 
being directly proportional to the increments of velocity above the velocity 
3*28 feet per second, or about 2^ miles per hour. The equal increments 
of traction thus due to equal increments of velocity are less as the road is 
smoother, and as the carriage is less rigid or better hung. 

5th. Upon soft roads, of earth, or sand, or turf, or roads fresh and 
thickly gravelled, the resistance to traction is independent of the velocity. 

6th. Upon a well-made and compact pavement of hewn stones, the 
resistance to traction at a walking pace is not more than three-fourths of the 
resistance upon the best macadamized roads, under similar circumstances. 
At a trotting pace, the resistances are equal. 

7th. The destruction of the road is, in all cases, greater as the diameters 
of the wheels are less, and it is greater in carriages without than in those 
with springs. 

4. Experiments were carried out by Sir J. Macneil on the road 
between London and Shrewsbury to ascertain the tractive forces required 
there, and measured by an instrument devised by him for the purpose. 
The general results, reduced to that on a level, as given by Telford,! are 
presented in Table II. 

• Vide Report of the Society of Arts on the application of Science and Art to 
Street Paving and Street Cleansing ofth>e Metropolis, 1875. 
t Seventh JReport, etc., p. 18. 
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Table II. 



1 

Descriptioa of Road. 


Tractive Force 
per Ton. 


Angle of Repose 
Represented. 


Draught on a well-made paveiiient, 

,, broken stone snr&ce on old flint road 

„ cravelroad, 

„ broken stone road upon a rough pave- 
ment foundation, .... 

,, broken stone surface on a bottoming 
of concrete, 


88 lbs. 
65 „ 
147 „ 

46 „ 

46 „ 


irV 



5. It appears from ezpeiiments carried out at the Eoyal Agricultural! 
Show at Bedford in 1874, by means of a horse dynamometer, made by 
Messrs. Easton & Anderson, that 1 lU of draught was expended on moving 
every 35*1 lbs. of weight resting on a wagon with fore wheels of 41 inches 
JBO. diameter, while on the hind wheels having a diameter of 60 inches it 
was 58*7 lbs. In the former case it was thus equal to a tractive force of 
64 lbs. per ton with the smaller size of wheel, compared with 38 lbs. for that of 
the larger one, which latter figure practically agrees with those in the above 
table. Of the other trials at the same place with loaded wagons, having 
tires 2^ to 4^ inches wide, the average draught was ^V ^^ ^^^ gross load,, 
or nearly 46 lbs. per ton. For single horse carts, loaded to about 30 cwt., 
the wheels of which were from 52 to 62 inches in diameter, and the tires 3| 
to 4 inches wide, the tractive force was found to be on a level macadamized 
road at a walking pace ^ of the gross' load, or 34^ lbs. per ton. With 
other carts having wheels of slightly larger diameter and a greater load, the 
average draught under similar conditions was found to be -^ of the gross 
load, or 44 lbs. per ton. 

6. There can be no question that the smoother and harder the surface 
of a road is, the tractive force or draught necessary to move a vehicle will 
be less. It must also be apparent that the work of one horse on a level 
and well maintained road, may be easily increased two or three times, if the 
surface of the road is inferior in condition, by reason of any inequalities 
or ruts on the surface. In other words, four horses are enabled to do the 
work of five, or three of four, by keeping the roads in an efficient state of 
repair. 

7. Gradients. — In ascending an incline the prime mover has to exert 
an additional force which has to be added to that of resistance on the 
level. This is approximately equal to the gross load divided by the rate 
of gradient. It can be shown diagrammatically what additional resistance 
is occasioned when the road is inclined against the load instead of being- 
level. 

In the accompanying diagram fig. 7, the whole weight is supposed to 
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be supported on one pair of wheels, being the simplest form in which this 
additional resistance may be investigated, and which can be shown in the 
following manner. 

Let AB represent a part of an inclined road, D a vehicle sustained in 
its position by a force acting in the direction DG, DW the weight of 
the vehicle and load or the force of gravity acting vertically downwards. 
It is evident that the vehicle is sustained in equilibrium upon the incUned 
plane by these two forces, and, in addition, by the resistance of the road 
surface to the pressure of the vehicle acting at right angles to the incline of 
the road. To determine the relative magnitude of these three forces, draw 
the horizontal line BC and the vertical line AC ; then since the two lines 
DE and AC are parallel and are both cut by the line AB, it follows that 
they must make thd two angles D£F and BAC equal ; likewise, the two 
angles DFE and ACB are equal; therefore, the remaining angles £DF 
and ABC are equal, and the two triangles DEF and BAC are similar. As 
the three sides of the former are proportional to the three forces by which 
the vehicle is sustained in equilibrium, so also are the three sides of the 
latter; viz., AB or the length of the road is proportional to W, or the 

weight of the vehicle and its 
load; AC or the vertical rise 
is the same to E, or the force 
required to sustain the vehicle 
on the inclined plane ; and BC 
or the horizontal distance in 
which the rise occurs, to P, 
or the force with which the 




Fig. 7. 



vehicle presses upon the surface of the road. 



Therefore W 
and W 



AB 
AB 



E 
P 



AC 
BC 



And if BC be of such a length that the vertical rise AC of the road equals 
one foot, then the force DG will be represented by 



and 



P= 



W 
AB = 

W.BC 






= W sin B 



W.BC 



AB VBC^ + i 



= WcosB 



in which B is the angle ABC. 

These formulse reduced to words are as follows : — 

To find the force requisite to sustain a vehicle upon an inclined road, 
the effects of friction being neglected, divide the weight of the vehicle and 
its load by the inclined length of the road, the vertical rise of which is one 
foot, and the quotient is the force required. 
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To find tihe pressure of a vehicle against the surface of an inclined road, 
moltiplj the weight of the loaded vehicle hy the horizontal length of the 
road, and divide the product hy the inclined length of the same; the 
quotient is the pressure required. 

The force with which a vehicle presses upon an inclined road is always 
less than its actual weight; the difference is so small, however, that on 
roads with a moderate inclination it may be taken as equal to the weight 
of the loaded vehicle. 

To find the resistance to traction in passing up or down an incline, 
ascertain the resistance on a level road having the same surface as the 
incline, to which add if the vehicle ascends, or subtract if it descends, the 
force requisite to sustain it on the incline ; the sum or difference, as the 
case may be, wiU express the resistance. The tractive power of horses varies 
according to their strength, speed, and the adaptability and training which 
they possess for any particular kind of work. An average horse will, 
travelling at a speed of 2| miles an hour, exert a pull of 110 to 120 lbs. 
on a level road with a smooth surface ; while at a speed of 4 miles an hour, 
the draught exerted will only amount to from 65 to 75 lbs. 

The tractive power of a horse becomes less as the speed increases, while 
in ascending inclines its power diminishes rapidly, a considerable portion of 
its strength, due to its own weight and that of the load, is expended in over- 
coming the resistance of gravity. 

In ascending a perfectly smooth road, the amount of foothold afforded 
being less, teUs more against the draught of a horse than one of ordinary 
roughness. The extreme comparisons may be taken as asphalte and macadam. 

8. It is interesting to note that a horse is as strong as five men on a 
level, while on a gradient of 1 in 6 its tractive power is barely equal to 
that of three men. 

Table IIL shows the decrease in the loads in ascending gradients. 

A horse can, however, exert for short distances twice to three times the 
average tractive power which he is capable of exerting continuously during 
a day's work, so that if the resistance on the gradient be not greater than 
double or three times the resistance on the level; the horse will be able to 
ascend such inclines with the gross load he is capable of drawing under 
ordinary conditions. 

9. Professor Mahan deduced, from the results of experiments on tractional 
readstance carried out by Sir John Macneil, that the angle of repose is 
represented by the fractional part of the weight of the carriage, which, 
when applied to it, would be just sufficient to overcome the friction, and set 
the carriage in motion. In other words, the angle of repose for a well- 
made pavement would be represented, taking one ton or 2240 pounds 
as the load moved, as ^ff^ or ^\ nearly, and the gradient for this class of 

road should not be greater than 1 in 68, or 1 perpendicular to 68 horizontal. 

C 
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For the values of the angle of repose or the greatest inclination which 

should be given to a road made with different descriptions of material, see 

Table II. page 31. 

Table III. 

Effects of Gradients upon the Loads which a Horse can draw on a Macadam 
ieed Road^ the Load on the Level being taken as represented by 1. 



m 


l-H 


• 

p 


Rise in feet 
per mile. 


A horse can 
draw 


• 

a 

1 

a 


0> 

'So 
3 


Rise in feet 
per mile. 


1 
II 

< 


• 




Rifle in feet 
per mile. 


A horse can 
draw 




o / 




o 1 








• / 






linlO 


6 43 


528 


•26 


linl5 


3 49 


852 


•826 


lin20 


2 52 


264 


•4 


linll 


5 11 


480 


•266 


linie 


8 85 


880 


•84 


lin24 


2 28 


220 


•6 


linl2 


4 46 


440 


•28 


linl7 


8 22 


810 


•856 


lin26 


2 18 


211 


•52 


linlS 


4 24 


406 


■296 


linl8 


8 11 


298 


•87 


lin26 


2 16 


208 


•64 


linU 


4 5 


887 


•81 


linl9 


3 


277 


•886 


lin80 


1 66 


176 


•64 



It is very desirable that in all cases the gradients should be reduced as 
much as practicable, as the extra exertion necessary to be expended by 
a horse in ascending steep gradients is considerable, and adds greatly to the 
cost of haulage. 

Sir John MacneO, in 1836, maintained that no road was perfect unless 
its gradients were equal to, or less than, 1 in 40. M. Dumas, engineer-in- 
chief of the French Fonts et Chaussdes, writing in 1843, recommended I in 
50 as a maximum rate of inclination ; whilst Professor Mahan considered, 
as a general rule, that gradients should be kept as low as 1 in 33. M. 
Dupuit recommends for the maximum gradient for metalled roads a 3 per 
cent, incline, or 1 in 33, and for pavements a 2 per cent, gradient, or 1 in 
50. The gradient of 1 in 30 adopted by Telford is such that, in ascending 
it, a horse can easily put forth the force necessary over and above the pull 
needed for taking the load along the level. Gradients of 1 in 20, and even 
steeper, have at times to be introduced at points in the line of a proposed 
road, to obviate heavy expenditure in the construction of the works. On 
the other hand, a road should not be constructed on a * dead-level,' but have 
a minimum gradient. This, although applying in a certain degree to trac- 
tion, has reference more particularly to the maintenance of roads, and will, 
therefore, be treated in its proper place. 

10. Wheels and Weights on them. — The imperfect condition of the 
roads at the beginning of the present century was such that regullttions 
were embraced in the Acts relating to highways, enforcing that wheels of 
vehicles should be of great width in proportion to the weights carried. 
Table IV. gives these particulars. 
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Tablb IV. 
Weighty Harse-power, and Wheels of Vehidea on Gommon RoadSy 1809. 



Breadth of Wheel 


Gross 
Weight. 


Number 

of 
Horses. 


Draught 
each Uorse. 


Weiffht 

on tne 

road at 

each 

Wheel. 


• 

Pressure per inch 
of Width. 


Inches. 
16, . . . 
9, rolling 16.* . 
9. . . . 
6, rolling 11, . 
6, . • • 
v. •  • 

2, Stage Coach, . 


Tons. 
8 

6i 
6 

51 

84 

4 


10 
8 
8 
6 
6 
4 
4 


Cwt. lbs. 
16 
16 42 

15 
18 87 

16 

17 56 
20 


Cwt. 
40 
324 
30 

274 
224 

174 
20 


Lbs. Cwt. 
280 2*50 
404 3*60 
878 8 '38 
513 4-58 
420 8*75 
653 5*85 

1120 10*00 
1 



From the foregoing table, it is apparent that the pressure per inch of 
widih of tires at the surface of the road increases as the width diminishes. 
It was the opinion of practical men using the roads during that period, that a 
pressure of 4 cwt., or 448 lbs., per inch of width should not be exceeded ; 
while the tire of the wheel should be limited to a minimum width of 4^ 
inches. Unquestionably a tire of moderate width, provided the weight 
distributed over it is not excessive, may be looked upon as one to be recom- 
mended. 

11. Conical Wheels. — The excessively wide rounded tires and conical 
shape of the wheel in use in the early part of the century would appear to 
be the worst combination that could possibly exist. It is apparent that a 
conical wheel can only be made to travel in a straight line by a constant 
twisting action at the surface of the road. Consequently, the wider the 
tire, the greater is the twisting and disintegrating action by the wheels on 
the material composing the crust of a road. The cylindrical wheel, with 
flat tires of moderate breadth, is the best possible form for easy traction, 
and by its use less wear is occasioned to the road-surface. 

The practical advantage in the dished or slightly conical form of wheel 
is that a wider space is afforded for the body of the vehicle, and the 
inclined spokes forming this class of wheel tend to resist the lateral shocks 
to which they are subjected at times. Although the cylindrical wheel 
was strongly advocated, and encouraged by many turnpike trusts, in 
the form of a reduction of tolls, still the dished or conical form of wheel 
has become almost of general use. Provided this class of wheel has a flat 
or but slightly rounded tire, 4^ inches in breadth, little can be said against 

its use. 

* The rolling widths are the slant widths of coDical wheels. 
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12. The General Turnpike Act (1823) regulated the weights to he 
carried hy wagons, carts, etc., with wheels having tires varying from 4^ 
to 9 inches in hreadth, the weights allowed heing generally 10 cwt. less in 
winter than those carried during the summer months. Wheels having tires 
of a less width than 4^ inches were not so restricted. Consequently, it was 
possihle to carry with tires 2^ inches in hreadth the same weight as was 
allowed for wheels having tires 4^ inches in width. The extra toll imposed 
on carts with narrow tires did not, however, prevent their use, and after 
the tolls were ahoHshed they hecame general, and are now to he found on 
far the greater proportion of vehicles travelling on the highways. 

Sir J. Macneil, in his evidence hefore the Committee on Steam Carriages 
in 1831, gave the following particulars as to weights of coaches and 
wagons, and the pressure per inch of width of tire."^ 



Tablb V. 



Deeeription of Vehicle. 



Mail Coach, 
Stage Coach, 
Van, . 
Wagon, 



fi 



Weight on 
the Average. 



2 tons 
24 
4i 
6 

4i 
8J 



»» 
It 
t> 



Breadth of 
Wheel. 



2^ inches 
2 

2i 
9 
6 
4 



II 
1 1 
II 
11 
II 



Pressure of 
each Wheel 



lO'O cwt. 

12-6 

21*25 

80-0 

22*6 

17-6 



Pressare on 

each inch 

of Bieadth. 



4-40 
6-25 
8-29 
8*88 
876 
4-87 



cwt. 



It will he ohserved that the weight per inch of tire is exceedingly high 
for vans as compared with wagons, the tires of which were 9 inches in 
widtL As the edges of narrow tires hecome rounded through wear, it is 
evident that the pressure per inch of width will in time hecome greater 
than that tahulated, even to the extent of 25 per cent. 

18. The Acts relating to the weights allowed for wheels with tires of 
different width having heen repealed. County Authorities were empowered 
to make hy-laws, under the Highways and Locomotives Act of 1878, for 
regulating the width of wheels in relation to the weight carried. In those 
counties where such powers have heen exercised, the practice usually 
followed was to adopt the weights allowed under the General Tiurnpike Act, 
with any modification which was considered necessary for the varying con- 
ditions in different parts of the- country. 

14. The weights on wheels under the different conditions to which 
roads are now subjected vary considerably, according to circumstances, as 
may be gathered from the following, bearing more particularly on the effect 
produced by vehicles having wheels with wide tires. 

* EvidauXf QnnmUtee on Steam Carriages^ p. 95. 
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It is a difficult matter to conceive how it is possible that a rigid wheel 
with a tire having a breadth of 18 inches can bear equally on the surface of 
ft road for that width. From the manner in which these wheels are con- 
shrncted they present a rigid flat surface, and this has to travel on a road 
having a transverse surface convex in form. The amount of convexity 
varies according to circumstances, and in the form least necessary for surface 
drainage it presents the part of a circle, or by two inclined straight lines 
from either side joined by a curve in the centre. Under these circum- 
stances the point of contact of the wheel on the road-surface will be con- 
fined, theoretically, to a single point which is the inner edge of the tire. 
The rise generally given to a road-surface transversely is such that with 
tiros of moderate width the pressure is uniform over the full width, but 
in the case of vehicles having tires of great width a portion only of the 
breadth transmits the whole weight to the surface of the road. 

Macadam gave it as his opinion, in his evidence before the Select 
Conunittee on Steam Carriages, 1831, that no advantage was gained by in- 
creasmg the breadth of the tire above 4^ inches, as a greater breadth could 
not at one time touch the surface of a well-formed road. Similar results 
were obtained by Morin from actual experiments carried out with vehicles 
having wheels with cylindrical tires of 2*5 inches, 4*6 inches, and 7 inches 
in width, respectively. These results, concisely stated, showed that over 30 
per cent, more tonnage can be carried over a road in good order, on wheels 
having tires 4^ inches wide, than can be done on wheels with tires 2^ inches, 
wide ; the wear or damage resulting to the surface of the road being about 
the same in each case. It was also observed that any excess of width of tires 
beyond that stated had no compensating valua 

15. It would appear from these conclusions that wheels of wagons and 
other vehicles having tires of from 6 to 9 inches in breadth, traction-engines 
with rigid tires having a width of from 15 to 18 inches, and the driving or 
hind wheels of steam road-rollers with rims 18 to 20 inches wide, are 
powerful agents in destroying the crust of a road. In the case, however, of 
wagon wheels with tires beyond 4^ inches in breadth, as also the driving- 
wheels of steam road-rollers, this want of equal bearing surface, owing to 
their rigid construction, is found not to apply after they have been in use 
for some time. The inside edges of these wheels for a time carry prac- 
tically all the weight, but in time they conform through wear, especially 
in the case of rollers, to the transverse convexity of the road surface. 

16. Traction - Engine Wheel Tires. — In traction- or road-engines 
having the ordinary rigid tires, with diagonal bars at the periphery, this 
wearing away or conforming to the section of the road does not take place, 
or at least to a very limited extent. In the nature of the work of these 
engines travelling over all conditions of roads in an indiflerent state of 
repair, the flat form of the tire practically remains unaltered, except, pro- 
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bably, the edges get somewhat rounded. This rounding still reduces the 
bearing-surface, in some cases by 3^ inches, even should it bear equally in 
the case of a road, of which the surface is considerably worn, and conse- 
quently flat transversely. 

Tablb VI. 
Showing Weighta carried by various Vehicles under varying conditiona. 



Description of Vehicles. 



Tritctum-Engine weighing 12 tons in steam, 
two^thirds of weight on driying-wheels, 
and bearing equally throughout their 
width, 

Trctctum-Enginef with a bearing-surface of 
50 per cent of actual width of wheel, . 

Tra4iion-Engine, with a bearing-surface of 
25 per cent of actual width of wheel, 

Traclion'Engine weighing 9 tons in steam, 
two-thirds of wei^t on driving-wheels, 
and bearing equally throughout their 
width, 

Tracltan- Engine^ with a bearing-surface of 
50 per cent of actual width of wheel, . 

TraetioTi-JBngine, with a bearing-surface of 
25 per cent, of actual width of wheel, . 

Steam Road-Roller^ with scarifier attached, 
weighing 16| tons in steam, three-fifths 
of weight on driving-wheels, . 

Steam Road- Roller, do. do. 

Wagon for Steam TracHon, weight 80 cwt, 
Iciad 6 tons, bearinf^ equaUy on tire 
throughout the fall width, . 

Wagon for Steam Tradion, with bearing- 
surface of 56 per cent of actual width of 
wheel, 

Wagon for Steam Traction, weight 28 cwt , 
load 4 tons, bearing equally on tires 
throughout the full width, . 

Wagon for Steam Traction, with bearing 
surface of 78 per cent of actual width, . 

Wagon for Steam Tradion, weight 25 cwt, 
load S tons, 

fforse Wagon, weight 21 cwt., load 2 tons, 

Cart, weight 9 cwt, load 85 cwt , 

Cart, weight 9 cwt, load 81 cwt. 



Width of 
Tire. 



Inches. 

18 

18-9 
18 -4i 

16 

16-8 

16-4 



18 
20 



8 
8-4i 

6 

6-4i 

4 
2 
4 
2i 



Load on 
Wheel. 



Cwt 

80 
80 
80 

60 
60 
60 



97-50 
97-50 



87-5 
87-5 

27 

27 

21-25 
15-26 
22 
20 



Load per 

inch of 

Width of 

Tire. 



Cwt 

4*44 

8-88 
17-76 

8-75 

7-50 

15 00 



5-42 
4-88 



4-69 

8-88 

4-60 

6-00 

5*81 
7-62 
5-5 
8-0 



From the above it follows that the bearing-surface at the point of con- 
tact, between the wheel and the road is reduced to one-half, and sometimes 
even less, on a road having the surface properly formed transversely. On a 
road well worn or comparatively flat, the pressure will be distributed over a 
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greater surface, and in the event of such surface being worn so that it forms 
a level transversely, then, and then only, can the full width of the wheel 
bear equally on the road. It need hardly be pointed out that the surface 
of a road under such conditions is in a state of disrepair, when it cannot be 
expected to bear even the distributed weight which such conditions make 
possible. 

Table YI. illustrates very forcibly the conclusions arrived at in the 
preceding paragraphs. 

The effect, on the surface of a road, of the passage of a traction- 
engine, during and immediately after a fall of nun, when the surface is 
slightly covered with mud, clearly proves the foregoing statements. On a 
flat transverse surface the full width of the wheel tire is clearly defined ; on 
a road having only a moderate curvature, the extent of the impression 
caused by the passage of the engine wheels may vary from 75 per cent, to 
50 per cent, of their actual width of tire ; while on a road with a transverse 
curvature or convexity according to present practice, an impression of not 
much more than 25 per cent, of the actual width of the wheel tire is visible 
on the surface of the road. 

It is evident, therefore, that in the case of a traction-engine, the wheels 
of which only touch the road surface for 4j^ inches of their width, a very 
heavy strain is imposed on the material comprising the road covering. 
During dry weather this excessive weight causes a considerable amount of 
abrasion of the material at the surface of the road. When thaw succeeds 
frosty and the immediate surface of the road coating is in a somewhat loose 
state, the passage of traction-engines has the effect of greatly disturbing the 
materials of the road-crust on roads generally, and is extremely trying even 
on those which are repaired with the best possible class of macadam and 
maintained in the best condition. It often happens, after alternating frost 
and thaw, that the road coating is affected to a greater or less depth ; and 
at such times the passage of a traction-engine over a road causes consider- 
able damage by crushing the stones comprising the coating, and in many 
instances lifting and displacing patches of the material. 

17. Vehiclefl with Narrow Wheels. — Vehicles with narrow wheels carry- 
ing heavy loads cause much damage under similar conditions, particularly on 
a road where, with but little passing traffic to cause the vehicles to follow a 
zigzag course and change their position, they run in tracks and form 
hollows in the surface. The increased cost of maintaining roads under 
these circumstances clearly points to the necessity of having improved tires 
for vehicles, or of adopting more stringent measures for regulating such 
traffic under the adverse conditions alluded to. 

18. Improvement of Traction-Engine Wheel Tires. — More particularly 
in the case of traction-engines does the necessity exist for some form of 
flexible driving-wheels which would, by the construction of the tires, dis- 
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tribute the weight in a uniform manner over the actual width of wheel, and 
at the same time minimize vibration, which in the ordinary traction-engine 
causes considerable damage to buildings situated near the road traversed. 

Attempts have been made from time to time to attain this object, and 
while in many cases the vibration has been considerably reduced, the rigid 
tire has always been conspicuous by its presence. 

Boulton's flexible wheel, patented some years ago, has supplied in a 
great measure the requirements so necessary for the effective distribution of 
the weight to the surface of the road, and the elimination of vibration. 

The description of this wheel, or rather the tire, may be briefly stated as 
follows : — The driving-wheel is 7 feet in diameter and 16 inches wide. The 
periphery of the wheel consists of a deep rim divided into sixty-eight cells or 
compartments, two in the width of tire and breaking joint with each other. 
Into these cells, which are about 6^ inches square and 9 inches deep, hard- 
wood blocks are fitted, with an allowance for a suitable amount of radial 
play. Each block, with the grain of the wood pointing outwards, is bound 
round, near the lower end, with an iron band. The blocks rest on an india- 
rubber cushion 5^ inches square and 1 inch thick, or some other elastic 
material sufficiently yielding to absorb the jar while working. The blocks 
are attached to the inner rim of the tire by a bolt let into the wood block 
several inches ; it then passes through the elastic pad and inner rim, and is 
secured by a nut. The recess at outer end of block is fitted with a wood 
plug. As the wheel revolves, the weight comes on three, four, or five 
blocks, the indiarubber pads are compressed while the bolts work freely In 
the slot of the inner rim, and the blocks adapt themselves to the surface of 
the road. 

With this class of tire it is evident that, as four or more of these hard- 
wood blocks bear on the road surface at the same time, the weight is dis- 
tributed both transversely and longitudinally. By this arrangement the 
pressure on the road is considerably reduced, the weight being spread over a 
considerable area. In the case of a traction-engine weighing 12 tons, the 
pressure with three blocks in contact with the road surface only amounts to 
a little over | cwt. per square inch. 

It will be readily understood that, apart from doing any damage to the 
road surface, the engine is much more efficient, especially when ascending 
steep gradients, by reason of the increased contact surface afforded by the 
wood blocks. As showing that traction-engines fitted with Boulton's patent 
springs cause little or no damage to the roads, it may be mentioned that the 
Ashton-under-Lyne Town Council do not charge a travelling fee for them 
when they pass through that borough. When moving the confirmation of 
the minutes recording this arrangement, the Mayor said: — "The Council 
would see from one of the minutes that the committee had agreed to accept, 
without cost, traction-eugines fitted with Boulton's patent spring wheels. 
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They found that these wheels did little or no damage whatever, and they 
thought it would pay them hetter to admit these engines than admit other 
traction-engines with the ordinary wheels at the usual payment." 

19. Exoessive Weights on Wheels. — Heavy weights carried on vehicles 
with narrower tires than 4^ inches cause considerahle wear even on a hard 
dry road, and, as has been pointed out, the damaging effect during alterna- 
ting frost and thaw is a very serious matter. The proper width of tire, or 
proper load upon any vehicle for a given width of tire, is a question which 
deserves more attention than is usually accorded to it. 

The by-laws controlling the weights to be carried on wheels should 
certainly restrict these weights to about 5 owt. per inch of actual -bearing 
surface on vehicles without springs. This pressure is almost similar to 
that exerted by a 15.ton road roller which makes the road for the traffic. 
If the weight carried on the tires of any description of vehicle were not to 
exceed this standard, infinitely less damage would result to the road surface, 
and a corresponding decrease in the cost of maintenance would be effected. 
Vehicles in a state of disrepair, such as those having a slightly bent axle or 
an excessive play between the nave and axle, aggravate the evil, and also 
create an additional burden on the horses drawing the vehicles. 

Sir J. Macneil stated before the Committee on Steam Carriages in 1831, 
that^ from his experience on the road between London and Shrewsbury, he 
considered a wheel should have a tire an inch in width for every 5 cwt. of 
load. Telford was of opinion that the weight should not exceed 1 ton 
upon each wheel; while Macadam, speaking from his experience of the 
Metropolitan roads, considered that the maximum load shoyld not exceed 
9 cwt. per inch of width of tire. This latter weight is undoubtedly too 
much for roads even in first-class repair. 

20. Effect of Springs on Vehicles. — Experiments have shown that 
vehicles on springs diminish the wear of roads, especially at speeds beyond 
a walking pace. Going at a trot, they were found not to cause more wear 
than vehicles without springs at a walk, all other conditions being similar. 
Vehicles with springs improperly fixed cause considerable concussion, which 
in its turn destroys the road coating. If the surface of the road be irregular, 
there is increased draught, and this also means additional wear by the 
horses' feet. 

The size of a wheel has also an important bearing on the wearing of 
roads, a wheel of small diameter causing relatively much more wear than 
one of large diameter. Wheels of the common size, or about 6 feet in 
diameter, are considered best ; they also reduce the draught for the horses. 



CHAPTER II. 

LAYING OUT NBW ROADS, AND THE IMPBOVEMENT OF EXISTINQ UNE8 OF 

COMMUNICATION. 

Thh selection or location of country roads is carried out by making an 
examination or reconnaissance of the tract of country to be traversed, so as 
to obtain the requisite data for the purpose of determining the best route 
and gradients for the proposed line of communication. 

21. The most direct or shortest practicable route between two points at 
once suggests itself ; but this, in every case, must be governed by the natural 
features of the surface of the country. The object aimed at is to 
ascertain the most favourable direction in which to lay out a road, so as to 
convey the traffic with the least expenditure of motive power consistent 
with reasonable economy in construction and in the subsequent maintenance 
of the road and works. 

22. " Economy of motive power is promoted by low summit-levels, flat 
gradients (as the rates of declivity of lines of land-carriage are called), easy 
curves, and a direct line; but limitations to the height of summits, the 
steepness of gradients, and the sharpness of curves, limit also the power of 
adapting the line to the inequalities of the ground, and so economizing 
works," * 

In a thickly populated district the new line of communication is to a 
certain extent predetermined by the existence of towns and villages, while 
in a sparsely populated tract of country greater liberty in selecting the route 
to be followed is permissible, as the natural character of the country alone 
would form the basis for selection. 

In either case the engineer, in laying out the line of a new road, must 
be governed by the principles laid down in the preceding chapter, in so far 
as the gradients are concerned. 

28. Becomudssance. — The general series of operations preliminary to 
the formation of a new line of communication are the examination or 

* Rankine's Civil Engineering. 
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reconnaisBance of the country between the points to be connected, taking 
note of the physical features of the country, its geological formation and 
sources from which materials for construction may be obtained, and the 
probable requirements of the district to be passed through. In this work 
the engineer will be greatly aided by obtaining the best and most reliable 
maps of the district. Flying-levels are generally taken concurrently, in 
order to ascertain the elevations of detached points, such as passes across 
ridges, and valleys, also points where structures of magnitude may be 
required. 

24. General Pnndples to be observed in the Field. — In laying out 
a line for a new road, the following data should be carefully noted and 
recorded in the field-book : — 

Examine the inclination of the strata, their nature and condition as to 
dryness. 

Have the surface of road exposed as much as possible to the action of 
the air and sun's rays. 

Cross valleys and passes at right angles. 

Examine beds of rivers at proposed crossings and up and down stream, 
with a view to secure stable foundations for bridges, culverts, etc. 

Examine sources, accesses, and distances of the supply of material for 
the erection of structural works, and for stones suitable for the road- 
covering. 

Ascertain accurately the level of all existing lines of communication, 
such as railways, roads, canals, and of rivers and streams. 

25. Method of selecting Final Boute. — ^It is advisable, before finally 
fixing the direction which a new road may take, to lay out two or more 
trial lines in order that a comparison can be made and it may be seen 
which so far complies with the following requirements. One of the prin- 
cipal conditions which every line of communication should satisfy is that it 
connects the two points by the shortest practicable route consistent with flat 
gradients and economy of construction. A uniform gradient can always be 
obtained, when there is a continual rise of the ground from the point of 
departure and the point where the road crosses the ridge, in a serpentine 
course, by following the sLquous and irregular formation of the ground. It 
is necessary to join the straight portions of the line at the points of change 
of direction by curves, concave towards the hollows, and convex going round 
the projecting spurs of land. A return to the straight line is advisable, and 
should be given effect to at every opportunity. It is also essential that a 
uniform ascent be obtained between the two points which are to be con- 
nected, in order to avoid unnecessary ascents and descents, thus causing a 
loss of motive power. Long reaches of level, especially in cuttings, should 
be avoided, as they add to the difficulty of drainage, and to the subsequent 
cost of the maintenance of the road. 
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26. Eoads in Mountainous Districts. — In very hilly districts the route 
may have to be formed in a zigzag fashion in order to maintain the 
* maximum ' gradient. It is advisable that the curved portions (which are 
generally somewhat abrupt), connecting the straight sections, should have the 
gradient reduced so as to conduce to the safety of vehicles descending. The, 
gradients of roads may be classed into those suitable (1) for fast traffic; 
(2) for mixed traffic ; and (3) for ordinary agricultural transit. The first 
will be best satisfied with maximum gradients of I in 50, the second with 
gradients of 1 in 30, and the third with gradients of 1 in 20. These 
gradients should, if possible, be strictly adhered to ; but under certain con- 
ditions, the physical features of a district involving great expenditure in 
the construction of the works, gradients for short distances may be increased 
to 1 in 30 for fast traffic, and 1 in 15 for agricultural haulage. Marshy or 
very wet soils should be avoided, owing to the difficulty of obtaining a firm 
foundation for the road, and such places can only be made satisfactory by an 
effective system of drainage, the cost of which would, in most cases, greatly 
exceed the additional expenditure incurred by deviating from the proposed 
line, even though this should entail a considerable detour. 

27. Topography. — As bearing upon the general information necessary 
to successfully lay out a line of communication, it is advisable, when exploring 
a district, to observe the following positions, which are of primary 
importance. 

The physical features of a tract of country present an undulating and 
irregular formation, and endless varieties of forms and combinations. On 
close examination, however, two classes of lines or conditions of formation 
are perceived to exist, which go to make up the general form of the surface 
of the earth. These are called ridge-lines and valley-lines. 

28. Bidge-Lines. — A ridge-line is distinguished by the property that 
along the whole of its course it is higher than the ground immediately 
adjacent to it on either side ; it is seldom straight or level throughout any 
considerable part of its length, and is generally irregular both vertically and 
horizontally. 

The lower points or depressions on a ridge-line are termed passes ; the 
best point to cross a ridge is generally by one of the lowest passes. 

29. Valley-Lines. — A valley-line, on the other hand, is distinguished by 
the property that along the whole of its course it is lower than the ground 
immediately adjacent to it on either side ; or, in other words, the ground 
slopes upwards from it on both sides. Being the lowest point in the 
adjacent surroundings, the water on the surface of the ground necessarily 
flows towards the valley-line and, except when it is landlocked, runs along 
it in streams, sometimes called 'water-course lines.' Like a ridge-line, a 
valley-line is seldom level or straight throughout any considerable part of 
its length. 
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Riven intersect the country in various directions, and between tlieir 
point of discharge at the sea and the interior, the main or larger river is 
joined in its course by lesser ones or tributaries, which, in their turn, are 
joined by brooks and rills. 

80. Maps. — Old maps or plans of a country showing the rivers and 
principal water-courses give a tolerably good idea of the direction of the 
valley-lines, while the Ordnance Maps of Britain, on the scale of six 
inches to one mile, show the principal contour-lines at every 50 feet of 
elevation in the flatter parts of the country, and at every 100 feet of 
elevation in the more hilly parts. 

The latter are of great value to the engineer, as a means of enabling him 
to select the best line for the trial sections of a proposed line of road. 

A projected road may be limited to the connecting of several points in 
the same valley, or it may have to connect points in two or more valleys. 
In the former case, the line of communication may be wholly situated on one 
ade of the river or stream, which is the simplest case met with in practice. 
On the other hand, the points to be connected may be situated on the 
opposite sides of a valley and separated by a river ; while in extreme cases, 
soch as in a narrow valley, owing to the physical features of the ground, 
the line of the proposed road may have to be carried over the river or 
stream several times where the waterway cannot be deviated, or when a 
suitable line for the road cannot be obtained except by a deep rock-cutting 
or tunnel. In carrying out an extensive road system, it often happens that 
all the cases mentioned have to be dealt with, frequently perhaps, through- 
out its course. 

81. When practicable, the line of road should be laid out on the driest 
ground available, and its position should be such that the surface is exposed 
to the joint action of sun and wind. Roads made in the lowest parts of a 
valley are subject to flooding, while those running along the side of a hill, 
especially where the strata dips towards the valley, are liable during and 
immediately after a storm of rain to suffer from land and earthwork slips, 
as weU as surface-washings. 

82. LoDgitadinal and Gross Sections. — In taking trial sections the 
method usually followed is to supplement the information by taking, at 
different points (especially where the surface of the ground is irregular) 
along the line or route, cross-sections of considerable length. This gives a 
good idea of the best direction which the centre-line of the intended road 
should follow in order to avoid, as much as possible, unnecessary cuttings 
and embankments. 

In explanation of this, let A B, flg. 8, be a portion of the proposed road, 
and c c the breadth of country under consideration for this purpose. At 
any points along the line, depending on the changes of level of the surface 
of the ground, 8 8, contour-lines are measured off and fixed at right angles to 
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A B. These lines should be accurately levelled, and then drawn on the 
plan of the line of road. 

The etched lines show the form of the surface of the ground along the 
lines A B and c c on the plan, and there is no difficulty in seeing the 
extent of cutting and filling required, and in determining how the position 
of the intended line may be varied with reference to the natural surface of 
the ground, so that the cost of construction may be reduced to the smallest 
possible amount. When two or three trial sections are taken between the 
same points, the various lines should be compared in order to ascertain their 
relative advantages. If the centre-line be changed in position after due 
consideration of the foregoing, care should be exercised in laying down 
regular curves of proper radii to join the straight portions in the altered 
position of the line of road. 

3d. Laying Out Grade-Line in HiUy Districts. — Another method is 
sometimes followed when working in a gradient round the face of a hill in 
mountainous districts where the maximum gradient must be kept sight of 
c6ntinually. The lower portions of the hills in approaching valleys are 




Fia. 8. —Trial sections. 

generally flatter than those at and near the summit, and the line of road 
may be carried out in any desired direction which will be a continuation of 
the portion of road from the higher points. The proper course is to start 
the trial section from the pass at the summit and work downhill, the 
maximum gradient line being staked off, and the position afterwards 
surveyed and laid down on the plan, when any irregularities in the line 
may be corrected so as to show regular curves. 

Besting-places, or comparatively level stretches, are sometimes intro- 
duced when the gradients are steep and continuous : these should be pro- 
vided at convenient intervals along the line of road. 

84. Loss of Height. — In selecting the position for a proposed road, 
care should be exercised, as already pointed out, to avoid useless ascents as 
much as possible when a subsequent descent must be made, and the reverse^ 
that is, introducing an intermediate rise in a descending gradient. An 
instance of this, owing to the manner in which the road was laid out with 
numerous and extensive useless ascents, has been noticed in the historical 
sketch, page 26. 
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85. Working Plans and Sections, Staking Out Oentre-Line, Sped- 
fications and Estimates. — Subsequent to these preliminary operations, the 
survey for the working-plan is commenced, on which is delineated the 
oenfcre-line of the intended road as finally fixed upon. The centre-lin^ is 
then transferred on to the ground and pegs driven in at intervals, the end 
of the straight portions being indicated by two pegs. This operation is 
carried on until the whole length of road has been staked off, when the 
working-section is proceeded with. 

This longitudinal section of the route is based on accurate levellings and 
measurements taken along the centre-line as staked out, and afterwards 
laid down on paper to suitable scales, with a horizontal line showing the 
datmn, a line representing the surface of the ground, and lines marking the 
levels' of the proposed work. The apex, or meeting-point of all gradients, 
should be rounded off by a vertical curve, as shown in fig. 9. Information 
as to depth of cuttings and height of embankments and other relative matter 
should be marked in figures on the section. Level-pegs, numbered from 
upwards, are driven into the ground at regular distances of 100 to 300 feet, 
depending on the irregularity of the surface of the ground, cross-sections 
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being taken at these and other intermediate points if necessary, and plotted 
on the longitudinal section to a natural scale. Bench-marks of a permanent 
nature should also be established at certain fixed points, such as near the 
site of a bridge or at a change of gradient. When this is accomplished, the 
detailed drawings of the various works embraced on the line of road can be 
completed, and the quantities of earthwork in the cuttings and embankments 
ascertained, when an estimate of the probable cost of constructing the road 
can be made with a certain degree of accuracy. To ensure greater precision^ 
trial pits and borings are sometimes made with a view to ascertain the 
nature of the strata of which the ground is composed along the line of 
works, which information, apart from its immediate use in forming a 
correct estimate of the cost, should be marked on the plan and section for 
future reference. 

86. Intermediate Towns. — It will be a matter for consideration, in 
laying out a proposed new road between two distant points, whether or not 
the towns which are situated at some distance from the line of com- 
munication projected should be accommodated by branch roads striking 
off the direct road, so that all the towns and villages within reasonable dis- 
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tance may be put in mutual connection. Commercial considerations, as 
well as the physical character of the ground, must govern this to a great 
extent. Assume in the following instance that A and £^ fig. 10, are two 
important towns which it is desired to conne(5t with as direct a road, and 
with as easy gradients, as the nature of the intervening ground will admit 
of, and that at some distance from A there is, on one side of the direct line, 
an intermediate town C, where an industry, though limited, is carried on. 
Examination, however, shows that the village C is situated at a consider- 
ably higher elevation than the proposed road between A and the point D, 
and onwards for some distance in the direction of B. This physical 
condition or difficulty would, if C were put in direct connection with 
A and B, and indicated by the dotted lines A, C, E, practically c£»nvert 
what would otherwise be a well-laid-out road, having easy gradients, into 
one having steep inclines, necessitating a useless expenditure of motive 
power in transporting merchandise along what would then be the main 
road if C were on the direct line. It is manifest, therefore, that the town 
represented by C would be better accommodated, having regard to the 
traffic on the line of communication A B, by making a branch road G D. 



Fio. 10. 

Further, in the direct line towards B there are two rising villages, F and 
<jr, from which a considerable prospective traffic is expected between the 
principal towns A and B, and vice versa. It is desirable that each should 
be situated so that the main road will pass through them, but it is apparent 
that this arrangement is impossible, as the detour, apart from any other 
consideration, would be very great, adding materially to the length of the 
main road. 

Branch roads could be laid down at right angles to the main road, but 
the extra haulage, and consequent enhanced cost in the selling-price of 
goods, demands some consideration. Assume that the traffic from each of 
the points F and G will amount to about the same tonnage, therefore an 
equal claim, so far as traffic is concerned, exists in either case for direct 
communication. The physical character of the ground at and from these 
points in relation to the line A B will, however, decide which village should 
have the advantage of being placed on the main road. If it is found on 
examination, and after running trial-sections from the line A B to F and G, 
with a view to deviate the direct road, that the ground towards F is 
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practically the same as on the direct line, while at the point G it is some- 
what lower, and the surface of the ground in the direction of J and K very 
irregular, it is quite clear through which village the main road should pass. 

The route thus decided upon will therefore follow the letters A, D, E, H, 
F, and I to B. The point G may be connected by a Une from there towards 
the main road A B at J or K, but as this would entail considerable extra 
haulage in a direction opposite to that in which the connecting road may be 
fixed upon, it is evident that this arrangement would affect the traffic 
£rom G to a considerable extent, and other means calculated to avoid this 
detour are obviously necessary. 

This can be efifected by laying down two branch roads G J and G K, 
and the point G may now be considered in as good a position in relation to 
the main' road as the point F. It must be remembered, however, that the 
gradients, as has abeady been pointed out, from G to J and G to K are not 
80 favourable to traction compared with the deviated part of the direct line 
H, F, I. The saving in transport on the shorter route will be proportionate 
to the tonnage carried, and assuming the distance saved to be one mile, it is 
evident that a saving of sixpence per ton at least would be effected on each 
ton of goods conveyed between these two points, which would represent a 
considerable sum of money per annum. 

87. Laying out New Boads in actual practice. — In the following 
instance, taken from actual practice, the object in view was to lay out a new 
line of communication to connect two existing roads running nearly parallel, 
and at a distance of about 1^ miles from each other. 

The existing roads are situated in separate valleys, with a hill or ridge 
intervening, and the only connection between them was formerly by a road 
having gradients at several points of 1 in 18, and at one or two points 1 in 
10. By the omstruction of the new road a detour or saving in distance of 
If miles was effected. 

The class of traf&c to be accommodated consisted of fast and slow 
vehicles, in other words, mixed traffic, and a maximum gradient of 1 in 30 
was therefore fixed upon as that fulfilling, under the circumstances, the 
conditions already laid down in this and the preceding chapter. Fig. 11, 
Plate I., shows the two existing and nearly parallel roads. A, B, C and 
D, £, F, while the cross road, which formed the only connection between 
these previous to making the new one, is shown at A D on plan. Owing to 
a continued and increasing traffic to and from the coast in a south-westerly 
direction, it was considered desirable to establish a more direct route, 
having gradients over which fast traffic could be conducted without much 
inconvenience to the prime mover. The first matter necessary to be deter- 
mined was at what point the intended road should leave the existing one 
between A and C. Fig. 12 shows a longitudinal section of this road, and 
as the new road must necessarily start on a rising gradient, it is evident that 

D 
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the most suitable spot of departure is at B, because it is the highest point on 
the existing road. This point, therefore, was fixed on as the starting-place 
for the intended road. The poi^t of arnval on the road D F had likewise 
to be determined, and on referring to a section of this road, fig. 12, it would 
appear the farther east, or in the direction of D, the junction was made, 
that the gradients would be flatter. No doubt this is the case, but, on the 
other hand, this would to a certain extent defeat the object in constructing 
the new road, namely, that of as direct a route as possible. By going too 
far in the direction of F an unnecessary ascent would have to be overcome 
which would only make the new road longer without any compensating 
advantage. 

The point £ was therefore fixed upon as the termination of the intended 
road and junction with the existing one, D F. 

The first consideration in laying out a new road being that of a direct 
route, a trial line may be drawn on plan, fig. 11, between the point of 
departure B and the terminal point £, in order to show, in this particular 
instance, that the shortest route must be subservient to that having suitable 
gradients. A section of the intervening ridge between the existing roads 
situated in the two difierent valleys, made from the contour lines on plan, 
clearly shows that such a route is impracticable, owing to the steep ascents 
and descents on either side of the ridge. This can generally be seen at a 
glance, as the steepest parts of the surface of the ground are at right angles 
to the contour lines. The route for the new road had therefore to be laid 
out along the slope of the hill in a direction tending towards £ ; and crossing 
the ridge at its lowest point or pass G, the line of road was then continued 
in a southerly direction to its termination at £. 

On referring to the Ordnance Map, a reduced copy of which is shown in 
fig. 11, it will be observed that the summit level is 384 00 feet, while the 
height of the existing road at the point B is 134*00, or a difference of 
250*00 feet. The approximate length of road between these points was ascer- 
tained to be about 8180 feet, giving a uniform gradient from B to G some- 
what easier than 1 in SO. As this was the rate of inclination originally fixed 
upon, and as there would be no necessity under the circumstances to form 
a heavy embankment immediately south of the point B, where the ground is 
low, which would be the case if the maximum gradient were commenced 
from the existing road at that point, it was decided to lay out the portion 
from the point B for a distance of 289 yards with a gradient of 1 in 50. 

The difference of level in comparison to the length of road also admitted, 
having regard to the maximum gradient fixed upon, of a short level stretch 
being introduced on the line of new road mi«: .v ly bt^twopn the point B and 
the summit G. 

The method followed in laying down the hj^] ioxiip* > route was to start 
from the fixed point G, and stake out the nnxj.. m 'gradient line, on 
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the surface of the ground, down hill on the north side of the ridge. A 
somewhat similar process was carried out in fixing the direction of the line 
between the summit and the point E, heing the lowest point of the valley 
at the stream, and requiring an emhankment of considerable height. 

The whole length of the proposed route was then surveyed, and the 
horizontal position of the gradient pegs carefully plotted on the plan as 
fiihown, with dotted lines between them. The method here pursued, owing 
to the irregular formation of the ground, necessitated the route following a 
sinuous course. 

The final line was then adjusted on the plan, following the position of 
the gradient pegs as near as possible, in giving the line a regular course 
with straight lines and easy curves, regard being paid, with a view to a 
xnoderate outlay of capital, to equalize as much as possible the cuttings and 
embankments. The alignment of this road, although following to a consider- 
able extent a sinuous course, does not add jn any appreciable degree to its 
length compared with a practically straight road along and down the side 
-of the hill. A sinuous course is in most cases a decided advantage, from a 
maintenance point of view, as on a winding road the wheel traffic spreads 
over the whole surface, which seldom takes place on a straight road, espe- 
cially when level horizontally. 

The route was then staked out on the ground, and the final detailed or 
working section prepared, with numerous cross-sections taken at convenient 
points, to determine exactly where retaining walls were necessary to supple- 
ment the earthworks in forming the road. The longitudinal section in such 
-cases should also have marked on it the level of the ground, the level of 
the proposed work, and the height of embankment or depth of cutting, 
at numerous points, where the level of the ground has been taken ; these 
.should be found by calculation and not by measurement from the plans. 

The trial-section of this road showing the gradients is illustrated at 
fig. 12, Plate L, and the working-section of a portion of the road is shown 
at fig. 12 a, Plate I. Detailed drawings of bridges, culverts, retaining walls, 
and the road covering should be provided, and a detailed written specifica- 
tion prepared showing the manner in which the embankments, excavations, 
masonry, and other works are to be executed. 

38. The principles laid down in this and the preceding chapter equally 
apply to carrying out improvements of gradients on existing roads which, 
in hilly districts in most parts of the country, have to a great extent been 
laid down with only one object in view, namely, that of a direct line. The 
great sacrifice thus entailed, through steep gradients, in the cost of trans- 
portation, is a serious one, which could have been avoided in many cases 
by a little scientific knowledge of what is necessary in laying out a new 
road, so as to accon^ '^'"h the greatest amount of work in haulage at the 
least expenditure of n?' MVe power. In other words, a lasting benefit would 
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have resulted had these roads been properly laid out when constructed, in tl 
form of greater facility for travelling, avoiding wasteful expenditure of powi 
in the conveyance of goods, less wear of horses, and repairs to vehicles, as w 
as a saving of time. The surface is less damaged by the traffic on roa 
having easy gradients, and involves less expenditure for maintenance. 

39. Improving Gradients on existing Beads. — The following exam 
of a cross-country road is a case in point where had the route follow 
the proposed line, one horse could, without any great exertion, have haul 
an ordinary load, which requires two horses to perform over the existi 
road at present. 

On the plan, fig. 13, Plate II., the existing road, so far as where t 
steep gradients are situated, is shown at A B, which it will be observed 
nearly straight from point to point. On referring to the longitudinal sectio 
of this road, ^g. 14, Plate II., it will be seen that the gradients are ve 
steep on either side of the first ridge with a valley and ridge beyon 
This case, like many others situated in similar circumstances, may be take: 
as analogous to the road between London and Barnet already mentioned 
and as an instance of laying out a road with useless ascents when a su 
sequent descent must be made. The number of feet actually ascended 
most unnecessarily increased when such height once gained is lost again^; 
The improvement referred to is shown on plan, at A, C, B, fig. 13, the 
length of deviated road compared with the present one being about 180 yards 
longer. This additional length to- be traversed is of little consequence, how- 
ever, when the improved gradients are taken into consideration. A longi> 
tudinal section of the proposed road is shown in fig. 14, Plate II., and also the 
surface of the existing road is represented on the section by dotted lines. 

The proposed new road, after leaving the existing one at A, branches 
slightly towards the west on a rising gradient of 1 in 38, and attains the 
ridge of the first hill at C ; as the surface of the ground falls considerably 
between that point and D, it is necessary to introduce a minimun^ 
gradient in order not to lose any height already gained. By this means the 
point D is reached, where, owing to the ground rising somewhat abruptly 
towards the north, it is necessary to curve the line towards the east, and 
crossing the existing road at E, is gradually curved backwards till it joins 
the present road at the point B. The gradients on the deviated line of 
road, it will be observed, are such that a horse, by a slight effort, could 
surmount the steepest incline readily, even with what is usually considered 
a load on a level road. In connection with this subject, it is necessary to 
bear in mind that a horse can, for a short time, exert an effort two or three 
times greater than that which he can keep up steadily during a day's work. 
Steeper ascents for short distances can therefore be surmounted, while 
excessively steep ones may be overcome oftentimes by the horses volun- 
tarily pursuing a zigzag course in search of an easier gradient. 
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CHAPTER III. 

EARTHWORKS, DRAINAGE, RETAINING WALLS, CULVERTS, BRIDGES, AND 

PROTECTION OF ROADS. 

40. Equaliziiig Earthworks. — ^Earthwork, as generally understood, em- 
braces not only the excavation of the looser materials of the earth's crust, 
but rock also. In selecting the final direction and gradients of a new road, 
it is obvious that due regard must be observed to equalizing the cuttings 
and embankments, so that the earth taken from the one may be sufficient 
to form the other, or, in other words, the earthwork should be redistributed 
along the line of road. Unnecessarily heavy works are thereby avoided, 
and the outlay of capital involved is a consideration of greater importance 
than the mere maintaining of a strictly direct line. In the generality of 
cases occurring in practice the engineer is obliged, in arriving at this, to 
resort to a system of approximation ; for this purpose the line of road should 
be divided into several sections, to be treated separately in the first instance, 
and finally in connection with the adjoining sections. 

It is advisable, in many instances, in carrying out the adjustment of 
the earthworks, owing to the distance apart of the cutting from the em- 
bankment on a line of road, to construct the embankment when possible 
from side-cutting, thus avoiding the great expense necessitated by having 
to transport the material an excessive distance. In like manner, trans- 
ferring earth from a cutting situated a considerable distance from an 
embankment on the line of works, especially when of an unsatisfactory 
nature, may in some cases be deposited on the adjoining ground contiguous 
to the works. This method of disposing of the earth from the cuttings 
is known as forming a spoil-bank. 

41. Transverse Balancing. — Transverse balancing in hilly parts, or in 
sidelong ground, as already indicated, is accomplished by locating the 
centre line of the road, so that the cutting from the one side will form 
the embankment on the other. The cost of transport compared with that 
of excavation and the value of land from which side-cutting is taken, or 
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spoil -banks are formed, will * deternmie the distance within which the 
balancing of the earthworks must be established. 

42. Side Slopes. — The forming of the side slopes requires consider- 
able attention, so as to ensure stability, and prevent slipping. The 
resistance to slip arises partly from the friction between the grains com- 
posing the soil and partly from their mutual adhesion. 

Friction is, however, the only force which can be relied upon for 
permanent stability, as the adhesion of the earth is destroyed by the action 
of air and moisture, this being especially the case during alternate frost 
and thaw. The nature of the soil, its condition as to internal moisture 
and the atmospheric influence, therefore, combine in fixing the inclination 
of the side slopes. 

48. The slopes of earthwork are generally described in the ratio of 
the horizontal breadth tp the vertical height. The angle of repose, or, as 
it is generally termed, the natural slope at which different kinds of earth, 
by friction alone, will remain permanently stable, is shown in the following 
table given by Professor Bankine in his work on CivU Engineering. 



Table VII. 
Natural Slopes of Eartlia {with liorizontal line). 



Earth. 


A^gleofEopce. ^^^^l^' 


Customary 
designation of 
Natural Slope. 


Dry sand, clay, and mixed 
earth, .... 
Damp clay, 

Wet clay, 

Shingle and gravel, . 

Peat, .... 


/from 87* 0-76 
\ to 21* , 0-88 
45* 1 1-00 
J from 17* 0-31 
1 to 14* 0-25 
/from 48* I'll 
t to 86* 0-70 
/from 45* 1-00 
\ to 14* 0-25 


1 -88 to 1 
2*68 to 1 
1 tol 
8-28 to 1 
4 tol 
0-9 tol 
1-48 tol 
1 tol 
4 tol 



The slopes most frequently adopted for earthwork are those designated 
1^ horizontal to 1 perpendicular, and 2 to 1, corresponding to the angles of 
repose, ^Sy and 26^** nearly. 

44. Bock cuttings, the material of which does not disintegrate on 
exposure to the action of the weather, may be formed with perpendicular 
sides, but generally a slope of 1 horizontal to 2 perpendicular is given to 
admit of free action of the sun's rays on the road surface. 

45. For a similar reason the side slopes on the south side of roads in 
northern latitudes are sometimes made flatter than the natural slope given 
to that part of the cutting on the north or opposite side. By this arrange- 
ment the surface of the roadway is exposed to the action of sun and air, 
causing rapid evaporation of the moisture on the surface. 
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46. Stratified soils and rocks, which have a dip to the horizon, are 
liable to slips caused by one stratum becoming detached by the action of 
frost or water and sliding on another, the worst combination being that 
of soils formed of alternating beds of clay and sand. 

47. Embankments. — Embankments of any height should be formed 
with great care. They may be carried out by laying the material from 
the excavation in successive layers of from 3 to 4 feet in thickness, and 
thoroughly pounding each layer. This is, however, an expensive process, 
and seldom resorted to in ordinary works of any extent. 

The method usually followed is to run the extreme outsides of the 
embankment first, and then gradually fill up the centre portion, by which 
means greater solidity is secured than when the embankment is carried 
forward and the material tipped from one end only. By this arrangement 
the layers are formed with an inclination inwatds, counteracting, so to speak, 
as a whole, any tendency to slip outwards. During the construction of an 
embankment, due consideration must be given to the settlement of the 
loose or excavated material which takes place. It is advisable to make the 
height and width of the embankment greater than the dimensions ultimately 
required ; the amount allowed for settlement varies according to the class of 
material, but may be from one-twelfth to one-fifth of the total height. 

It is usual, as a precautionary measure, to form a slight excavation at 
the tail or toe of the slope to give the material forming the embankment 
additional stability. 

48. Oonsolidating Embankments. — The compacting of embankments 
and road beds generally, until the material composing them forma a imiform 
and unyielding surface, is carried out in the United States and other 
countries by the use of a horse roller weighing about 3 tons. The roller 
is about 5 feet wide, and is ribbed or corrugated similar to corduroy. The 
formation level or foundation of a road is consolidated in this country by 
the aid of a steam roller. It requires, owing to its weight, very careful 
handling on newly-formed embankments of any great height. Depressions 
are made good by the application of material similar to that of which the 
formation of the road is composed. 

49. Embankments on Sidelong Ground. — On sidelong ground different 
methods are employed in order to secure a solid basis for an embankment 
sustaining a road. Where the inclination of the natural surface of the 
ground is not great, and the formation of the road is partly in cutting and 
partly in embankment, the method of cutting the surface of the ground 
into steps, shown in fig. 15, is generally adopted. The natural surface of 
the ground is represented by ab, the steps or benches are shown at/,/,/, 
and the formation level at c d. The best position for these steps is perpen- 
dicular to the axis of greatest pressure. 

On sloping ground under similar conditions, but with the natural surface 
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lying at a considerable inclination, the above method of construction will 
not be sufficiently secure, and recourse must be had to some other means 
of effecting this. 

50. Retaining walls of sufficient thickness, built either dry or with the 
stones laid in mortar to support the roadway, are constructed for this 
purpose. These walls may have to be built on either side of the roadway 
to sustain the embankment on the lower side, and the portion in excavation 
on the higher part. The wall which sustains the embankment should be built 
up to the level of the roadway and a parapet or fence wall erected upon it, 
to protect pedestrian and vehicular traffic against accident. When neces- 
sary to erect a wall to form the slope or sustain the ground in excavation, 
it should be carried up to a height to meet the natural surface of the 
ground. The arrangement of retaining walls on sidelong cutting is shown 
at fig. 16, a 6 being the natural surface of the ground. Considering the 
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Fio. 15. — Gross-Bection of a road showing method of stepping adopted in 

sidelong ground. 

inclination of the natural surface of the ground a 2), it is evident that such 
a long embankment slope as d & would endanger the stability of the road- 
way. It is necessary, therefore, to secure the solidity of the road in a more 
permanent manner by the substitution of retaining walls for an embank- 
ment on such a slope as that represented in the diagram. Under certain 
circumstances it might also be advantageous to build a retaining wall at c, 
to retain the part in excavation, as a long slope exposed to the drainage 
of the higher ground would in time cause the material composing it to be 
washed on to the road, and in all probability create a landslip. If a foot- 
path is to be formed alongside of a road in sidelong ground it should be 
placed on the portion embanked, leaving as much as possible of the solid 
ground for vehicular traffic. 

51. Boads formed over Low-lying or Marshy Ground. — In crossing 
plains or marshy ground it is necessary to form the surface of the road well 
above the general level of the surrounding country in order that it may be 
kept as dry as possible. This is particularly the case where the line of 
communication traverses a district subject to inundation. The best method 
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of accomplifihing this is to excavate side trenchee at Bufificient distancu 
ftport on either dde of the roadway, from 3 to 4 feet deep, 18 inches to 2 
feet wide at bottom, and having side slopes 3 to 1. This excavated material 
is made use of in raising an embankment between the trenches, so as to 
elevate the road surface above any possible inimdatioa, and the side ditches 
will serve to collect the surface water and discharge it to the nearest stream 
or water-course. 

Soft or marshy gronnd is a difficult as well as an expensive obstacle to 
overcome in the construction of a new road. It must be borne in mind that 
laying out a road under these conditions is only undertaken when no other 
reasonable alternative is possible, such as deviating from a direct line by 
makiDg a detour even of considerable length. The work can only be accom- 




plished properly by draining the subsoil, so as to consohdate the ground as 
much as possible, and forming an embankment to carry the roadway. This 
is effected by excavating a trench in the soft ground to a depth varying with 
the degree of difficulty to be overcome, and then filling in the trench with 
stable material. The level part of the excavated portion of the trench is 
made of a width corresponding to the width of the formation level of the 
road, while the slopes of the trench should be inclined at the angle of 
repoee of the soft material composing the natural ground. The slope of 
the stable materials forming the embankment b made to correspond with 
that of the trench slopes, and as this is much flatter than necessary, a 
broader foundation and consequently increased stability are secured. 

Another method of making soft ground suitable for carrying a roadway 
is to drive in short piles ; this has the effect of consolidating the mass of soft 
earth. Fasunes, hurdles, and dry peat have also been at times employed 
for a similar purpose with good effect. Should these expedients fail, a bog 
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or marshy ground may be made secure by tipping sand, gravel, or stones 
upon it in order to form an embankment which will rest on the hard 
stratum below the moss, and raising the upper surface to the required level. 
The slopes of an embankment thus formed assume the same inclination as 
they would have under ordinary conditions. 

52. Half-widths and Ezteoit of Grround required. — When the inclina- 
tion of the slopes has been determined, the half-widths, or distance on 
either side of the roadway, may be staked off, and the area of land 
computed, allowing 6 feet on either side beyond the formation level or the 
edge of the slope. 

58. FimBhing Slopes, Drainage. — ^The slopes of cuttings and embank- 
ments should be dressed to regular surfaces with soil from 3 to 6 inches 
deep and sown with grass seed. This diminishes to a great extent the 
effect of rain washing or running down the slopes, forming gullies, and helps 
to prevent any tendency to side-slips. When the slopes are exposed to the 
action of water they should be covered with dry stone pitching 12 inches 
thick and of a height sufficient to protect the material of which the embank- 
ment is formed. 

54. The numerous and diverse nature of circumstances met with in the 
laying out and construction of roads are such that no definite rules can be 
laid down to embrace all cases. The engineer will have to consider which 
form of construction will best suit the particular piece of work undertaken, 
with a view to economy in carrying out the operations involved, the 
stability of the works generally, and the subsequent maintenance of the 
road. In executing the necessary work in cuttings and embankments, 
level pegs are fixed indicating the depth or height of formation at con- 
venient points, so that the workmen are enabled, by the use of boning rods 
or cross heads, to keep the intermediate position of the earthwork at its 
proper level. Important points, such as where a curve joins a straight line, 
should be transferred during the progress of the works by means of pilot 
pegs. This is accomplished by ranging a straight line from the point 
in question, fixing two pegs clear of the line of works and measuring the 
distance apart of these ; the tangent point can then be readily re-established 
after the earthwork is completed. A similar operation should be carried 
out where important structures are to be erected. 

The volume or cubical quantity of a piece of earthwork is ascertained by 
computing the area of a series of cross-sections of known distances apart, and 
the quantities obtained are stated in cubic yards. 

55. Drainage. — The drainage of roads is of two kinds, namely, surface 
and subsoil. It is one of the most important operations in connection 
with the construction of a road, as on its efficiency the subsequent main- 
tenance of the surface will greatly depend. The slopes in cuttings on 
sidelong ground are generally the most troublesome, and great pains should 
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be taken in order to thoroughly intercept, from the rising ground, any flow 
or filtering of water towards the road bed. This is readily accomplished 
by forming catch- water ditches or drains on the uphill side of the cutting a 
few feet back from the crest of the slope or point where the excavation 
joins the natural surface of the ground, as at e, figs. 15 and 16. These, if 
possible, should be carried to the most convenient water-courses ; but where 
the surface of the ground is such that a sufficient fall cannot be obtained 
unless at great expense in cutting and laying drain pipes, the water may be 
conveyed down the slope to the side channel or covered drain near the for- 
mation level as at c, fig. 15. When open conduits are formed for this pur- 
pose, the slope shoiild be protected by forming a rough pavement, as the 
soil cannot withstand the action of the water on the steep slope generally 
given to cuttings. This object, however, is better attained by laying stone- 
ware drain pipes in the slope 18 inches below the surface. The slopes of 
cuttings may, when necessary, be further protected by laying drains in a 
trench 18 inches deep, cut in an oblique direction up the slope, filling the 
space up to the surface with stones, and connecting them to the drain at the 
bottom of the cutting. Where springs occur, the water should be carried 
away by laying the pipes to the side drains, or by some other effective meaus. 





Fig. 17. — Cro88-sectioii showing side drains at formation level of road. 

Drains should also be constructed at the foot of a slope in cuttings, varying 
in depth from 18 inches to 3 feet, according to circumstances. These may be 
built with either brick or stone; a less expensive method, however, and 
much more effective and durable, is made by laying salt-glazed plain pipes 
in the trench and filling the space up to the surface with broken stones, 
which must be free from dirt, to a height of 6 inches above the formation 
level of the road. Fig. 17 shows the two methods of construction, that at 
A being built of stone, while the drain at £ is formed of salt-glazed pipes, 
the space above, in either case, being filled in with small stones. 

56. The lower half of drain pipes may be surrounded with clay to pre- 
vent any water lying around them. This precaution should be adopted 
when the drain has but a small inclination, as the water in the pipe will be 
discharged more quickly and prevent the lower portion of the ground 
becoming waterlogged. 

57. In sidelong ground, and on level tracts of country, the side ditches 
should be formed before the cuttings are excavated and the embankments 
formed, as greater stability will be ensured by the ground being in a dry state. 
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58. The drainage of embankments does not require such extensive 
operations as those necessary in cuttings. The water from the surface of 
the road should be carried by the water tables or side channels to suitable 
points where it can be conveyed down the slopes in open troughs. It is usual 
to form an open ditch on either side, nearly parallel to the axis of the road 
and at the tail of the embankment, to collect and convey the surface water 
from the road and slopes of the embankment to the nearest water-course or 
point of discharge. Where a falling gradient in a cutting adjoins an 
embankment, a similar course is pursued when such cannot be diverted, 
great care being exercised to have the conduit of sufficient capacity to 
convey all the water which will collect in the cutting under the most 
unfavourable circumstances. On sidelong ground it is seldom necessary to 
make an opening at the toe of an embankment, the natural slope of the 
ground being in most cases sufficient to carry away the limited amount of 
water likely to collect there. All drains and open ditches should have 
sufficient capacity and acclivity to receive and convey away quickly all the 
water that may find its way into them ; this will also be influenced by the 
nature of the soil in which they are placed. When a footpath exists at 
one or both sides of a road, the surface drainage collecting in the side 
channels is conveyed by pipes laid under them to the ditches, or drains, or 
on to the surface of the ground on the field side of the footpath. 

59. Subsoil Drainage. — The drainage of the subsoil provides for the 
removal of any water found in the soil immediately under the road covering 
in cuttings and on level tracts of country. This is an essential and im- 
portant requirement in road construction, and on the efficient state of repair 
in which the subsoil drainage is maintained, will the cost of keeping the 
surface of a road in good repair depend. 

60. The materials composing a road covering placed on a naturally wet, 
retentive, or undrained soil, such as clay and kindred earths, will go quickly 
to pieces by the traffic passing over it or by the action of thaw succeeding 
frost. The combined effect of these influences, which converting the whole 
coating material into a disintegrated mass, is simply ruinous. 

Soils, — Soils of a siliceous and calcareous nature, and rocks generally, 
do not present any great difficulty, as their porous nature assists in securing 
a dry and sohd foundation. 

61. The side drains in cuttings, and the open ditches on the level portions 
of a road, will, as a rule, be sufficient for this purpose, even where the road- 
way is of a great width. 

It is the argillaceous and allied soils which require careful treatment, as, 
being of a retentive nature, they become very unstable when in contact with 
water and the action of frost. The drainage of such soils may be effected 
by forming transverse or cross drains in the form of the letter Y, as shown 
at b, a, 6, fig. 18. 
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These drains should consist of salt-glazed plain pipes 2 to 3 inches in* 
diameter, laid about 15 to 18 inches below the formation level at centre,, 
and properly connected to the side drains. The junction is preferably 
made at the highest point of the pipe in the side drain, and an opening 
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Fio. 18. — Diagram showing arrangement of subsoil drains in retentive soils. 

formed of dry stone built, over where they join, up to formation level for 
inspection from time to time. Ordinary field or agricultural drain pipes are 
sometimes used, but being porous are liable to injury by frost, and cause^ 
great inconvenience and damage by breaking, as well as a temporary 
derangement of the drainage of the subsoil, which is sometimes difficult to- 
locate. The trenches should be filled up with clean gravel or small stones, 
free from all clay or other soft matter, care being taken to hand-pack the 
material round the joints of the pipes. 

The diagram at fig. 19 shows a cross-section of a road with the mitre- 
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Fio. 19. — Cross-section of road showing mitre drains. 

drains at a, and joining the side drains at b, and a cross-section of the mitre 
or transverse drain is shown at fig. 20. It is not essential that these cross- 
drains should have a great fall ; the purpose may be properly served by 
giving them an inclination of 1 in 50. The nature ^,,__w& lajM? 

of the soil will afford the means of determining at 
what distance apart these cross or mitre drains 
should be placed; this may vary from 15 feet 

in very wet situations, increasing in distance to 30 -^ orT^^^^^ ^ c 
^^ . . , ii ^ M . * ■• . ^^^' 20.— Cross-section of 

or even to 50 feet where the subsoil is of a drier ^i^y^ dnin. 

and less retentive nature. The surface water from 

the roadway is collected in the side channels and conveyed, where the 
level of the roadway is at or near the natural surface of the grpund,*ta 
the ditches, by outlets cut at certain intervals on either side of the road- 
way. Where footpaths exist alongside of a road, drain pipes are laid across 
and underneath the footpath at convenient points, the outer edge of 




62 ROAD MAKING AND MAINTENANCE. 

these pipee at the roadmde being protected from damage by pasfdog vehicles, 
hj fixing a stone at each side of the diain pipe well into the ground, and 
covering them with a flat stone projecting 2 inches beyond the conduit, bat 
in line with the edge of the footpath. 

62. On embankments, especially in udelong ground, the surface water, 
as already mentioned, is conveyed to the open ditches in wooden troughs, 
creosoted, or tarred and sanded, and flxed in the slopes. This method, 
although satisfactory in many cases, is not to be lecommended as a per- 
manent arrangement; a drain constructed of salt-glazed faucet and spigot 
pipes laid in clay puddle, or covered with concreto and finished at the toe 
of the slope with masonry, is required to keep it in position. 

Tt is necessary to exercise great caie in carrying out the work by placing 
puddle around, or otherwise protecting the joints, so as to ensure Uiat no 
water will be permitted to percolate through the earthwork, which, if 
allowed, would in all probability result in considerable damage being done 
to the embankments. 



Fio. 21. — Diagram BbawiDg tuid trap. Fm. 22. — Diagram showing und tnp. 

68. DtainB in CnttingB and Different AirangementH of Sand Traps 
or Gullies. — In cuttings, the system followed is somewhat different, being 
generally effected in the following manner. The side drains are utilized as 
a means for the disposal of the surface water which, in the Erst instance, 
enters a gully or sand trap, the overflow from the latter being connected 
to the side drain. The use of a sand trap, especially on a road having a 
considerable fall longitudinally, is to intercept any heavy mattor or detritus 
which would otherwise gain entrance to the drain, and in course of time, by 
repeated accumulations, cause the drain to become choked. The simplest 
and cheapest form of sand trap is represented at fig. 21, huilt of brickwork 
with suitable covers, and at fig. 22, which is made either of earthenware or 
cast iron. Stoneware gullies are, as a rule, liable to damage by the passing 
traffic, and should be placed in the least exposed situations, or clear of the 
water channels. This form of trap is also made in detached portions, the 
basin or stoneware part forming the trap, with a cast iron cover and grating 
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filed on the top. It is claimed that this form of golly trap is unbreakahle 
under the heaviest cUaa of trafBc Sand or gully traps are also made of 
«ast iron in one piece and in different sizes to suit different localities. The 
gratJDgs are detachable, and, on the whole, this class of trap is the beet 
possible to adopts and serves most effectively the purpose intended. This 
class of gully or sand trap is shown in fig. 23. ; 

When one road crosses another, it often happens that two or tears drains 
have to be connected to one gully or sand trap. This is most c(>aveniently 
accompliahed by building it of stone or brick- _^ 

work, with a pavement or concrete floor of ^ - ^a^iiFrTT 

a sufficient area to embrace the side walla ^ _^«^^"»™™ 

and form a foundation. The floor should I ^^Nfe 

be at least 18 inches below the level of the L- ?~if^^^^^ 

outlet pipe, to collect the detritus or heavy I j W ^^^/ 

matter. If the trap be built of brick the I 13 I 

walls need not exceed 9 inches in thick- I jj 

neee, udIcbb the drain is exceptionally deep, „^"^^T?^^ 

, ■, ■!■ I J - II . - 4.1 Fio. 23. — Cast iron Mud trap 

whan it will be advisable to increase the or gully. 

thicknoBs of the walls. A convenient size 

of trap for such a situation, with three inlet pipes, is shown in fig. 24. 

The brickwork is brought up to within a few inches of the level of the 
water table, the covering and grating being either of cast iron fitted properly 
into the brickwork, or it may be finished with a stone cover, and a wrought 
iron hinged grating dished out to 
admit of the water from the 
channels passing freely into the 
sand trap. A space nearly equal 
in Bize to the iron grating requires 
to be cut out in the centre of the 
stone cover, provision being made 
for properly fixing the grating to 
it by means of batts. 

These sand traps should be 
cleaned out periodically, and also 
immediately after a heavy fall of 
rain, so that the road detritus and 
Fio. 2i.-S«id trap with thro* inlets. 8«°^ ™ay be prevented from enter- 

ing the outlet pipe. The inlet 
pipe orlpipes should be placed at a higher level than the outlet pipe, to ensure 
a rapid discharge ; 2 to 3 inches being quite sufficient for this purpose. 

64. Wben it is necessary to lay a drain under a road, the work should 
be of a substantial nature, so as to avoid any poauble derangement of 
the drainage, and probable damage to those using the road, by it« faOure. 
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Drains for conveying water under a road should be built of good stone and 
bedded in cement, with paved floor and substantial covers. Salt-glazed or 
earthenware spigot and faucet pipes are also employed ; these should be 
cement-jointed, and if necessary protected with a layer of concrete under 
and round the outside of pipe. 

65. Betaimng WbUb. — Retaining walls are structures in masonry, laid 
dry or in mortar, designed in various forms to support the sides of roads on 
hillsides, or when land is not available for forming side slopes beyond the 
formation level of the road. Where building materials of sufficient size can 
be procured, the retaining walls may be built of stones laid dry; when, 
however, the materials for this purpose are not large, flat-bedded stones,, 
it is advisable to use mortar in building the walls. 

With suitable material, drystone retaining walls are well adapted for 
road work, on account of their self-draining properties and their cheapness. 
The outside face is generally built with a batter, either straight or curved, 
varying from 1 in 8 inches to 1 in 12 inches; any excess of batter greater 
than 1 in 6 should be avoided where mortar is used, as the action of the rain 
tends to destroy the joints by washing it out, and affords lodgment for seeds 
of vegetation, the roots of which penetrate the wall and injuriously affect 
the adhesion between the mortar and stone. Retaining walls built witb 
stones and mortar are rendered more secure from the effects of water by 
having drystone packing, usually 12 inches thick, set by hand at the back 
of and between the wall and earthwork. Weeping holes, formed of 2- or 3- 
inch pipes, should be built into the wall at different levels ; but especially 
at the base of the wall, and at a distance of from two to four yards apart, 
according to the nature of the soil and the dip of the strata. 

The top of the retaining walls should be properly finished and protected 
by a coping of stone, close jointed, to prevent rain finding its way into the 
body of the wall. 

Drystone retaining walls are generally finished on the top with a sod 
coping laid in two rows ; when properly carried out, this method of pro- 
tecting the walls suits the purpose exceedingly well. The profile or cross- 
section, and the thickness to which retaining walls are built, vary according 
to their position relative to the adjoining work and the nature of the 
material to be retained. 

The foundations of retaining walls are subject to considerable and 
unequally-distributed pressures. They should be of a width or area suffi- 
cient to bear safely the pressure which they have to sustain according to the 
nature of the ground on which they are placed. A suitable drain should be 
laid at the base in front of a retaining wall to collect and convey any water 
escaping from behind the wall. Ordinary foundations may be classed under 
the following heads : (1) On material, the stability of which is not impaired 
by saturation with water, such as rock ; (2) on firm earth, sand, gravel, and 
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liard clay ; and (3) on soft eartli. The area of the foundation* may be 

increased to any desired extent by forming steps beyond the thickneas of the 

■wall proper, so that the weight of the atructure may 

be distributed over a large surface. Eoct of a mode- 
rately hard description will bear safely 9 tons per 

square foot ; firm earth 1 ton to 1 J tons ; soft earth, 

on the other hand, ia only capable of bearing a very 

limited load; and to ensure safety the ground 

should be well drained, the soft earth removed by 

cutting a trench and substituting stable material, 

such as sand or concrete. In extreme cases it ia 

necessary to drive short piles into the ground to 

compress and consolidate the soil, on which a plat- 
form is fixed, the heads of the piles being surrounded 

■with concrete. The depth to which a foundation 

ahould be excavated must be such that it will be 

below the dUintegrating influence of frost: 3 to '"■ ^^if^g^Zl!'' "" 

4 feet is considered a safe depth in Britain, while 

in countries subject to severe and long-continued frost a depth of from 

4 to 6 feet is necessary, 

66. DimenBioos of Retaining Walls. 
— In determining the proportions to he 
given to retaining walls, the engineer ia 
guided by the experiments, and from the 
successful results attained in existing 
structures which have withstood for s 
considerable period of time all the usual 
causes of destructibility. From these 
examples many practical rules have been 
deduced for the design of stable and 
economical retaining walls, as well as for 
the thickness of abutments and arches of 
bridges and culverts. 

For retaining walls 6 to 10 feet high 

a thickness of one-fourth of the height 

of the wall above the natural ground is 

generolly allowed. In large structures 

built of masonry, the height of the wall 

above the ground level is divided into 

D n. c ^ . . , , ., offsets, and the thickness is varied from 

{buUtot brickwork). one-third to one^igbth of the total 

height, as shown in fig. 25. 

The following dimensions are extensively used in building retaining 
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walls with brick, viz., the thickness at the top of the wall is made 1 foot 
10^ inches, and at every fifth course downwards the thickness is increased 
by half a brick, the face of the wall being built with a batter of I in 6 to 
1 in 8, which is generally curved as shown at fig. 26. In retaining walls 
constructed of stone without mortar, the thickness may vary from one-third 
to one-half the height^ the face being built perpendicular or with but a slight 
batter, to avoid as much as possible rain-wat-er being carried inwards to the 
earth backing, which would occur if the joints were inclined by giving the 
face an excessive batter. Should it be found necessary to batter the face of 
a wall built dry, the difficulty alluded to may be obviated by pointing the 
outside joints of the wall. Trautwine's rule for a retaining wall, which 
sustains a backing of sand, gravel, or earth, level with its top, is, that the 
thickness of the wall should be not less than that stated in the following 
table, when the foundations are about 3 feet deep, the backing being 
deposited loosely, as when tipped from carts, wagons, etc., and the better 
not exceeding IJ inches to a foot. 

Tablb VIII. 

Wall of cut Btone or first class laree-rangcd rabble in 1 ^^ , ,^ ^. ..,,.•, 

jg^Q^^ I -86 of its entire vertical height. 

Wall of good common scabbled mortar nibble or briekj '4 do. do. 

Wall of well-Bcabbled dry rubble, . '6 do. do. 

The effect of stepping the back of a wall increases the friction of the 
earth against it, giving increased stability, so that when the thickness has 
been proportioned with a vertical back by Trautwine's rule, it may be con- 
verted into one having offsets, which has the advantage of greater resist- 
ance to overturning, and yet contains no more material. The method of 
arriving at this is as follows : — From the point c, fig. 27, half the height of 
a bj draw a line from d one-hsdf of the thickness of the wall at the top a a, 
through ctoe, and from the latter draw the vertical line ef; divide d f 
into any number of equal parts, for instance three, and produce vertical 
lines to the base h e; then divide/ e into one more equal part than fd 
contains, and draw horizontal lines crossing the vertical ones. From the 
points of division draw the lino forming the offsets as shown in the figure. 

67. Surcharged Betaining Walls. — When a retaining wall is sur- 
charged, that is, retains a bank which slopes backward to a higher level 
than the top of the wall, the thickness, according to the foregoing rules, 
must be increased. 

This class of wall, fig. 28, is principally made use of in cuttings, but in 
some cases walls of this description are built to retain the toe of an embank- 
ment. The following table, given by Molesworth, shows how the thickness 
of a surcharged wall of rectangular shape may be arrived at. 
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The height T is substitatod for H, in fig. 26, or height of the wall from 
ground level, and is the perpendicular at the end of a line L equal to H, 
measuied along the slope to be retained. The value of Y for various slopes 
is as follows : — 

Tablb, 

Y = 1'71H. inalopasl to 1 
„ = 1-56 H. „ 11 to I 

„ = 1-46 H. „ 3 tol 



68. Counterforts. — Couuterforta are projections of masonry at the back 
a wall, built at intervals, and of a rectangular shape; they are iiitio- 




Fic. 27. — Section of retuniDg nil, pro- 
portioQsd by TraDtwins'i rulo. 



Fia. 28. — Seotion of anrch»rgod wall. 



dnced to increase by their weight the stability of retaining walla, but this 
liepends on the efficient manner in which these are bonded to the retaining 
wall at their junction. 

69. The result of the experience of Sir B. Baker in connection with the 
building of retaining walls may be given. " In ground of an average 
character the thickness of retaining walls should be one-third of the height 
from the top of the footings. A wall quarter of the height in thickness 
and battering 1 to 2 inches per foot on the face possesses sufficient stability 
when the backing and foundations are both favourable." He also states that 
-"under no ordinary conditions of surcharge or heavy backing is it necessary 
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to make a retaining wall on a solid foundation more than double the above 
or half of the height in thickness/' 

70. Breast Walls. — Breast or revetment walls are very useful in 
cuttings. They are generally employed to act as a covering for earth 
which has sufficient stability to stand vertically alone. They need not be 
of great thickness, provided they are of sufficient strength iK) resist their own 
weight ; it is advisable to raise them above the level of the ground where 
the slope joins the wall, in order to prevent stones and earth, which may 
become detached by the action of the weather, from falling on the roadway. 

71. Culverts. — Culverts are necessary to carry a roadway over a water- 
course, and for conveying the surface water from the road, as also that 
from the drains in cuttings and open ditches running parallel to the axis 
of the road, which are conveyed and discharged into the stream. 

72. Waterway of Culverts. — Care should be exercised in determining 
the waterway necessary for culverts under varying conditions, so that the 
opening may be built slightly in excess of the actual requirements. If 
a culvert is built too small, it is liable, during floods, to be washed away, 
along with possibly a considerable portion of the embankment, causing 
interruption of traffic and heavy cost for repairs. 

Culverts of unnecessarily large dimensions involve a needless increase in 
the cost of construction. The area of waterway required depends princi- 
pally on the following considerations : — 

The maximum rainfall during a severe storm. 

The nature and condition of the soil, and the character and inclination 

of the surface. 
The area to be drained, with special regard to the number and position 
of the branch streams which join that under consideration. 
The annual recorded rainfall for any particular district does not 
aid the engineer to any extent. An average fall for a given period does 
not necessarily mean that a fixed quantity has fallen each day; it is 
possible that the total recorded amount in a certain time may have fallen 
on one particular day, and probably only during a few hours of that day. 
A thaw and heavy rain succeeding a fall of snow when the ground is 
frozen, and a heavy rainfall during a thunderstorm, are certainly the worst 
possible conditions to be provided for in practice. 

The hard nature of the surface of the ground under the former conditions 
precludes any moisture being absorbed by the soil, and this circumstance, 
combined with the falling rain and melting snow, increase the difficulty of 
calculating the area of waterway necessary in any particular case. Data of 
a more or less valuable nature may be obtained by observing the flood-mark 
of a stream where it is confined within its banks ; and by taking a cross- 
section of the stream the actual area may be computed, from which it is 
possible to determine with a reasonable degree of accuracy the necessary area 
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of waterway. Should any other culvert be built over the same stream within 
a reasonable distance of the proposed crossing, the area of the existing 
opening shonid be measuied, which will guide the engineer, to a certain 
extent, in det«rmining what waterway will be necessary. The evidence also of 
local parties when available may likewise be of great assistance. 

73. Materials used in Building Culverts. — Culverts may be con- 
structed of atone, brick, concrete, iron pipes, trough decking on stone or 
brick abutments, or of aalt^lazed or earthenware pipes. The simplest 
form in which a conduit built of stone can be made is shown in fig. 29- 
When suitable material is plentiful, this form of conduit is extensively 
employed. This is, however, an expensive method of construction, when high 
embankmente are formed over the 

conduit, as, owing to the great SPU*- 

weight, Ltrge covers of consider- — 

able strength are necessary, vary- 
ing in thickness up to 1 3 inches. 

The side walls also require to be 

,.,.,,  . ., Fia. 26.— Section of eandnit built with 

built of dressed stone, as the stcae. 

water flowing in the conduit 

would eventually find its way through the joints, if inferior masonry was used, 

and posdfaly wash away the earth backing by being thus softened. This may 

result in the failure of the stracture and consequent stoppage of the traffic, as 

well as cause accidents, involving the authorities in considerable expense. 

When of a small size, and therefore difficult to get at, repairs cannot 

be carried out without stripping the material off the road. Experience 

of the maintenance of loads clearly indicates that conduits built of 

ordinary rubble, and with covers of insufficient strength, combined vith the 

inferior quality of the stones of ten employed, cause great trouble and expense 

for repairs. 

74. Salt-glazed or earthenware pipes are now generally made use of for 
conveying small streams under a road, and are a reliable substitute for the 
class of conduit just described, providing they are properly laid and jointed 
and the sides and top of the trench are filled in with suitable material. These 
dnun pipes vary in size up to 21 inches in diameter. They can be laid in 
poaUon quickly, and are comparatively less expensive than masonry con- 
duits of a similar capacity. Two or more lines of earthenware pipes may be 
laid alongside of each other when the capacity of one is insufficient. The 
inlet and outlet ends of the smaller-sized pipes should be protected at the 
toe of the embankment by building round the outside of pipe flat-bedded 
stones finished with a sod cope on top. The large-sized class of earthen. 
ware pipes are generally protected by forming a pitched slope or wing- 
wall to retain the embankment in position, and likewise to assist in direct- 
ing the current of water into the culvert on the up-stream side of road. 
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In layiDg these pipes care should be taken to ensure a straight 
line being preserved, and that the ontslde joints are proper); filled aad 
finished with cement; the inside joints also should be pointed when passible, 
and thoroughly wiped to remove any prcgecting particles of cement, and 
lessen the chance of obstruction. The trench ahonld he filled up under 
and round the body of the pipes with material free from atones, auch as 
sand, furnace ashes, or similar material, the whole being well punned. 
When earthenware pipes arc situated under a high embankment, it is necea- 
sary to strengthen them by placing concrete under and around the outside 



>r condnit 

of the pipes. The upper portion of the pipes should, as a rule, never be less 
than 2 feet below the surface of the road. luatancee occur, however, where 
the conduit pipe has to be laid only one foot below the road surface in order 
to gain a anfficient fall, and in such caaea the pipes must be bedded in and 
covered with fine concrete. This method should be avoided, if at all poaaible ; 
but if it cannot be so, the expedient of raiaing the road level should be adopted, 
which ia an expenaive altemetive. The outlet or tail-end of conduits should 
have a sufficient fall, so as to discharge the water quickly, and prevent back- 




r.v; 

Fig. 32.— EndeleTBtioDof 2feeC Fia. S3.— Section of double stoDowsra 

aingle stonewara coDiJnit. pipe conduit 

water reaching the pipes. The freezing of water in the pipes, when such a 
condition exiata, tenda to destroy them, so that a proper inclination for both 
the pipes and the outlet of the atream is imperative. 

79. The diagrama, ligs. 30, 31, 32, and 33, ahow the method of construc- 
tion adopted with eartltenware pipea described in tlie preceding paragrapha. 
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76. Iron pipes are, under certain conditions, a very useful substitute 
for earthenware pipes and conduits built of stone or brick. 

When the foundation is in soft material, a bed of concrete is formed, 
varying in thickness from 9 inches to 3 feet, according to the size of 
pipes and the solidity necessary to ensure stability. The joints when of 
sp^ot and faucet should be caulked ; those having flanges should be bolted 
together, and any open spaces filled in with cement. The filling or 
backing should be carefully rammed to prevent the water forming a channel 
along the outside; the ends should also be protected by wing- walls or 
pitched slopes similar to the practice adopted in the case of earthenware 
pipes. The space between the wing-walls at either end should be pitched 
where any scouring action of the stream when in flood is anticipated, as by 
so doing the possibility of the foundations of the wing-walls being under- 
mined is prevented, especially at the inlet end. 

77. Arched Culverts. — It is more economical to build stone or brick- 
arched culverts when the waterway of a stream necessitates a span of over 
5 feet. The arch may take the form of a semicircle, segment of a curved 
ellipse, or compound curve having difierent radii. The latter two forms are 
seldom employed in culverts of small span, that of the segmental arch being 
generally made use of. By adopting a flat arch, the embankment forming 
the approach to and over the stream may be reduced in height below 
what would be required if a semicircular arch were constructed. 

78. The small convexity or rise of arch in relation to the span adopted 
at times in practice presents a weakness, while the horizontal thrust on the 
abutments, inseparable from this form of arch, is very great. 

79. The semicircle should always be adopted in small spans, and when- 
ever possible, in those of moderate span, as this class of arch offers advan- 
tages in simplicity of form, great strength, and small lateral thrust. 

80. The employment of steel trough decking for culverts has of late 
years been greatly advocated and applied in practice ; they present a form 
of great strength, and can be erected expeditiously. The necessity for 
making an embankment in the case of arches is to a great extent, if not 
entirely, avoided by adopting this method of construction. Steel trough 
decking of a light section suitable for small spans, such as that adopted in 
the building of culverts, is manufactured for spans of from 4 to 10 feet, 
the weight of which is from 20 lbs. per square foot upwards. 

81. The depth or thickness of arch stones for culverts depends upon 
the span, the form of the arch, and the class and quality of material 
employed in its construction. These remarks also apply in a measure to 
the thickness to be given to abutments, which will be treated imder 
bridges. 

82. Figa 34, 35, and 36 show the different forms of construction usually 
adopted and described in the preceding paragraphs. Fig. 34 represents a cross- 
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Bection of a &-feet culvert built of brickwork or concrete, with eemidrcular 
arch and an invert, the finished load level being ehown 2 feet above the 
arch. When the bed of the stream has a considerable declivity, and there 



Fig. 34.— Sftction of S-reet cnlvert built with brickwork or concrete. 

is consequently a risk of wearing away of the bed during freshets, an invert 
between the abutments should be provided. The apace between the wing- 
walls, and for a distance along the bed of the stream beyond the newels, 
should also be pitched to prevent the undermining of the atructure. 



Fia. S5. — Section of 10. feet cuWert built with brickwork. 

Fig. 35 shows a culvert built of brickwork, the span being 10 feet, and 
having a segmental form of arch with a rise or versed sine of one-fifth the span. 
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This arrangement admits of a reduc- 
tion in the height of the embankment 
in forming a road compared with a semi- 

urcnlar arch. The stream is assumed to 3 

have a gentle cuirent, and the bed not ^ 

liable to be scoured 01 worn by freshets. ■& 

It will also be obeerred that a springer g 

course of stones is introduced, which ^ .c 

affords a more solid and efficient means j '» 

of starting the building of the arch than ' "g 

would be possible by forming. the akew- 1 .g 

back with bricks alone. ,'  

Fig. 36 shows the principle of steel ,' "3 

trough decking applied to culverts, where ,' -g 

the raising of an embankment would be ,' a 

necessary if a semicircalar arch were ^ 

adopted. The general arrangement is ' f 

shown in the illustration, the trough ' "I 

decking occupying a depth of only 8 ' ^ 

inches, the space between the ridges being 1 / ^ 

filled with concrete, and the metalling 1 ,' S 

applied to a thickness of 12 inches or an 
indosive depth of 20 inches from the 
under side of beams to the finished surface 
of the road. With a eemicirculoi arch 
the finished surface of the metalling 
would be at least 10 feet 9 inches above 
the belt or springer course : whereas, using 
the trough decking, there is a saving of 9 
feet of unnecessary embankment, at the 
site of the structure, and which, if carried 
out, might cost from £50 to £200. 

8S. It is advisable to construct catch- 
pits at the entrance to all drains and 
cnlverta in localities where, during a 
heavy rainfall, there is any likelihood of 
debris or boulders being washed down 
the stream. They should be about 3 
feet deep, and of the full width of the 
water-course, and be faced with stones 
built dry or in lime mortar. 

84. Bridges. — Bridge designing and 
building is a very extensive subject, 
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and embraces the selection and disposition of various materials under 
different circumstances. 

In a work on road making the leading features necessary to be observed 
in the erection of ordinary structures can only be touched upon. The author 
refers his readers for further information to the many valuable works 
published specially on this subject. 

85. Materials used for Building Bridges. — Bridges may be built of 
stone, brick, concrete, cast iron, or steel ; or a combined structure of masonry 
and steel girders may be adopted. Wooden bridges are sometimes erected 
in localities where timber is available, but generally these are of a temporary 
nature, and do duty until permanent structures are substituted. 

86. Selecting Sites for Bridges.— The selection of a site for a bridge^ 
unless it is predetermined by a line of road which cannot be changed,, 
should be one which affords the greatest security for the foundations, and 
is otherwise the fittest for economical construction. The centre-line of the 
bridge should be, if possible, set out perpendicularly to the direction of the 
flow, and on a straight part of the stream or river to be crossed. Where the 
locality does not admit of crossing at right angles, the bridge assumes an 
oblique direction, which, besides adding to the difi^ulties of construction, 
greatly increases the cost of erection. When the width of the river to be 
bridged is great, it may be advantageous to divide the opening into bays by 
the erection of piers. The position of these must be parallel to the flow of 
the stream, otherwise the faces of the piers would be exposed to the effects 
of the water striking against them obliquely ; they should be further pro- 
tected by cut-waters or starlings in order to ward off any floating material 
such as ice or timber. 

87. Waterway of Bivers. — As the area of the waterway will be to a 
certain extent reduced if piers are erected in mid-stream, provision should 
be made for this by increasing the total width of opening between the abut- 
ments, the object aimed at being to maintain the original force and direction 
of the current. If the cross-section is diminished it will cause an amount 
of damming back of the water, which, when it rises to a certain height, 
will increase the velocity. This may cause damage by flooding the adjoining 
land, or the bed of the stream may suffer by being worn away. On the 
other hand, a greatly enlarged cross-section will have the effect of decreas- 
ing the current, and causing the bed of the stream to become silted up with 
deposits from the higher reaches. 

What may naturally be expected under such circumstances is the forma- 
tion of banks, and should these accumulate to any extent, a diminished area 
or cross-section is the result. 

With a series of bays, however, it is possible that only a few of these 
may be passing the water of the stream in its normal condition. The 
increased currents induced by the alteration of the bed of the stream will 
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haye, during floods, a tendency to scour the bottom, and may eventually 
prove destructive to the structure by undermining the foundations. 

88. Nature of Material of Foundations. — Before deciding on the design 
of a bridge, it is necessary to thoroughly examine the nature of the material 
on which the foundation of the structure will rest. The usual method of 
ascertaining this is by sinking trial-pits to a suitable depth, or by boring, 
and from the results obtained the class of foundation necessary may be deter- 
mined. The nature of the different soils in connection with foundations 
are generally divided into three classes. 

The first, or incompressible material composing the strata, includes rock 
and such other material the stability of which is not impaired when 
saturated by water. 

The second class embraces such material as compact stony soils, dry 
gravel and sharp sand. 

The third class includes all materials which are compressible or spread 
laterally under pressure, such as ordinary clay, the common earths, soft 
sand and marshy soils, which are usually in a more or less compact state, 
and sometimes in a semi-fluid condition. 

On a foundation of rock the bed is prepared by levelling its surface, 
and removing all loose and decayed pieces, reducing all projecting points 
and filling up all hollows with flat rubble, masonry, or concrete. 

Where the stratum composing the rock dips, or inclines to the horizon, 
it should be stepped, all inequalities being filled in with concrete. The 
surfaces thus prepared should be perpendicular to the direction of the 
pressure which the foundation has to sustain, and the courses composing 
such foundation should have an area sufficient to bear that pressure with 
safety. 

89. Safe Load on Foundations. — The safe load allowed on foundations 
of the first class ought not to exceed one-eighth of the pressure which would 
crush it. For general purposes this may be reckoned at 9 tons per square 
foot on rock of moderate hardness, and 2 tons per square foot on soft sand- 
stone ; while rock equal in strength to good cement concrete can safely 
sustain a load of 3 tons on the square foot. 

Foundations on the second class of materials have considerable f rictional 
stability when the stratum is not affected by being saturated with water. 
These must be excavated to such a depth that the structure will rest on ground 
not likely to be impaired by the disintegrating effects of frost which has been 
pointed out under the article on culverts. The safe load or greatest pressure 
permitted in practice on soils for foundations of this class is generally from 

1 ton to 1*5 tons per square foot. The foundation courses, or footings, are 
nsually spread out to a considerable extent beyond the ordinary thickness 
of the walls they sustain, such breadth being as a rule made 1^ and 

2 times that thickness in gravel and on hard clay and sand respectively. 
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Foundations on materials of the third class present difficulties of a 
varying nature. The precautions necessary to obtain a safe foundation 
require in many instances special treatment, involving a correspondingly 
greater expenditure. On the firmer soils of this class, the usual practice is 
to lay a bed of concrete varying in depth from 3 to 6 feet, making the 
breadth of base as wide as practicable. On material which is not homo- 
geneous or is liable to lateral yielding, stability is promoted by enclosing 
the area of the foundation by sheet piles from 5 to 10 feet long. The 
soft material composing the soil is then excavated to the required depth, 
and sand or other suitable material of a stable character spread in layers 
and punned ; this forms to a certain extent a natural sand foundation. 

90. The filling material, so as to ensure greater stability, may be com- 
posed of concrete, and although in certain cases this may appear an excess 
of precaution, it is, nevertheless, advisable to adopt this method of construc- 
tion when the soil is not of a uniformly compressible nature. 

It is necessary, in order to maintain the foundations in a stable con- 
dition, that all water in close proximity be got rid of by draining. 

91. Timber Platform Foundations.— Timber platforms have been used 
as an expedient, where the soil forming the foundation was of a wet and 
soft description, with a view to distribute the weight of the structure 
uniformly on its surface. This method of construction consists in the laying 
of heavy timbers at some distance apart longitudinally and crosswise, forming 
a grating, the spaces between the timbers being filled with material of a 
stable nature, or with concrete; the whole being surmounted with planks 
3 or 4 inches thick fixed to the timbers and upon which the building rests. 

Another method of forming timber platforms is to lay several tiers 
of planks well spiked together. The durability of these foundations is 
dependent on their being constantly in a wet condition. 

92. Filing Foundations. — Where the nature of the stratum is so soft 
or unstable that any of the foregoing methods cannot be applied, recourse 
must be had to piling. Bearing-piles of varying length and from 9 to 18 
inches in diameter are driven into the soil to sustain the superincumbent 
weight. These are spaced from 2^ to 4 feet apart, and over the entire 
area which the structure will occupy. When placed too close the driving 
in of one pile may have the effect of raising the others. They are driven, 
in the majority of cases, through the soft material and should penetrate a 
short distance into the hard stratum underneath. 

93. A safe load on piles under these conditions may be taken at 1000 lbs. 
per square inch on the area of its head. In the case of a hard stratum not 
being attainable at a reasonable depth, the piles are then wholly supported in 
position by friction ; a safe load of only 200 lbs. per square inch of area of 
head is permissible under such circumstances. The driving points of piles 
are armed with a cast iron shoe, fixed on by wrought iron straps, the weight 
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of these varying according to the dimensions of the pile. The head is 
protected by a wrought iron hoop, which prevents it being split by the 
blows from the ram of the piling machine. In order to ascertain when a pile 
has been sufficiently driven home, a test should be resorted to ; that given 
by Professor Rankine is, " No further penetration should take place than 
one-fifth of an inch by thirty blows of a ram weighing 800 lbs. falling 5 feet 
at each blow." 

The heads of each set of piles are sawn off level to the desired height 
to receive the platform, which consists of string and cross pieces 10 to 
12 inches square, and half-notched into each other, laid directly on the pile 
heads and fixed by spikes. These wooden beams or cross and string pieces 
are surmounted by planks 3 to 4 inches thick, on which rests the lower 
foundation-course of the structure. Previous to fixing the planking, the 
soil, to a depth of from 3 to 6 feet below the level of the head of the piles, 
is excavated or scooped out, and the space up to the under side of planks 
filled in with concrete. 

94. Iron and Screw Piles. — Hollow iron piles are sometimes used for 
a similar purpose, the blow of the ram being transmitted by using a block 
of wood or dolly on the head of the pile. 

Screw piles are likewise used. These are sometimes made of wood, but 
are usually cast iron hollow cylinders, with a screw blade attached at the 
foot, having a diameter of from two to eight times that of the shaft of the 
pile, according to the nature of the soil to be penetrated. The method 
adopted in fixing the piles in their permanent position is that of turning 
them around, with the screw attached, by levers fastened to and radiating 
from a capstan fitted on to the shaft of the pile. 

95. Coffer-dams. — ^The foundations of abutments and piers of a bridge 
crossing a river require in their construction additional protective works as 
compared with similar erections on land. Coffer-dams have been employed 
as a means of assisting in preparing the bed for foundations, and securing 
them from the action of water. They are generally constructed of guide 
piles 12 to 15 inches square, spaced at intervals of from 6 to 10 feet, and 
driven to the desired depth. Two longitudinal waling pieces, notched, are 
bolted to each side of the guide piles, the lower set being fixed as far down 
as the water level of the river will permit ; the other set should be attached 
near the head of the piles. Between the guide piles and in the space 
formed by the waling pieces, sheet piles 3 to 6 inches thick are driven 
as close together as possible and to the desired depth. At a proper 
distance apart, generally from 4 to 6 feet, another line of guide and 
sheet piles are driven parallel to the first row, forming a long narrow 
trough, enclosing the site where the foundations are to be laid. 

The soil between these rows of piles is removed, sometimes by dredging,. 
uniU a hard compact stratum is reached. The whole space up to, in many 
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inetances, a few feet above ilood level ia filled with clay puddle. 'When 
the coffer-dam is complete, the water it contains is pumped out and the 
ground excavated to the requiied depth when the foundation couibob an 
commenced, oi a thick bed of concrete is spread over the space between the 
piling. 

A single row of guide and sheet piles is sometimes made use of as 
shown in fig. 37, the scantlings of the timber being heavier than those used 
for forming a double row. Great care must be exercised, in driving the 
sheet piles, in order to obtain an impervious coSer-dam, while it must be 
thoroughly braced internally to reust the pressure of the water surrounding 
it. These methods of obtuning a foundation, although much practised in 



Flo. 37. — Section of coffer-dam ahowiag single line or guide and eheet piles. 

past years, and still adopted to a limited extent on small works, have 
been superseded by the system of caisson foundations. 

The coffer-dams just described are costly to construct, and cause a 
considerable obstruction in a river or stream, while if, owing to the work 
not being carefully executed or to the external pressure of the water being 
great, they are not water-tight, constant pumping is necessary in order to keep 
the foundation-bed dry during the progress of that portion of the work. 

95a. Cylinders and Caisson FoniulatioDS. — Cylinders or caissons are now 
extensively used, in building bridges of any magnitude across rivers, aa a 
means of securing a stable foundation, for which purpose they are admirably 
adapted, and at the same time they are comparatively inexpensive. Tho 
superstructure of a bridge may be supported by two or more cylinders 
joined by arches or ties at a convenient level, on which the abutments 
or piers are built 

A cylijtder, 6 feet or more in diameter, made of cast iron, or of steel 
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built in Begments, bolted together, and having the joints made water ot aii 
tight, IB the fonn generally adopted. The base, which is eometimea of a 
greater diameter than the cylinder, ia formed with a tapering piece having a 
cattmg edge. The interior of the cylinder b lined with one or more ringa of 
brickwork, which will give it weight, and thereby add to the efficiency of 
the cutting edge in sinking. The material ineide the caissons is removed by 
dredging, or by the use of mechanical excavators. When they have to be 
sank to a great depth, the use of compressed air is invaluable in carrying 
on the operations. It is necessary to exercise great care in sinking cylindere, 



Flu. 38.— Cylinder fanndations for piew. 

so as to retain'them in a vertical position, while their location in relation to 
the line of the bridge demands attention. 

When the excavations have been made to the desired depth, the space 
inside the cylinders is filled up to a certain height, generally the normal 
water level, with concrete. 

This method of forming foundations with cylinders is shown at fig. 38. 

96. Abatmenta and Fiers. — These generally consist of masonry, em- 
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bracing stone, brickwork, concrete, ironwork, and occasionally timber. It 
is advantageous in building abutments and piers to reduce the weight, if 
possible, by forming hollows or narrow archways in them so as to promote 
economy and stability. These openings must have inverted arches at the 
bottom to distribute the load over as great a base as possible, and may 
occupy one-third of the total volume of the wall. 

97. TbicknesB of Abutments. — In practice, the thickness given to the 
abutments of bridges varies from one-third to one-fifth of the radius of the 
arch at the crown. In bridges the superstructure of which is formed with 
girders, the dimensions necessary for stability are regulated by their suffi- 
ciency to bear the vertical pressure transmitted by the superstructure. 

98. Thickness of Piers. — Piers carrying arches of small span should be 
broad enough to accommodate the combined thickness of both arches and 
also allow of a space of at least 6 inches between them. In practice, the 
thickness generally given to the top of a pier sustaining large arches aver- 
ages from one-sixth to one-tenth of the span ; in viaducts, * abutment piers ' 
are introduced at each fifth or sixth pier, and generally have a thickness of 
one-fourth of the span. The object of building abutment piers is to limit 
the destructive effect of an accident to any of the intermediate sections. 

High piers, in addition to the thickness allowed for according to the 
preceding rules, are generally built with a batter of 1 in 12. 

99. Arches. — Arches may be constructed of cut stone, brickwork, con- 
crete, iron, or timber. In form they may, for bridges of large span, be 
semicircular, elliptical, or a flat circular arc ; the latter, with a rise of one- 
fourth of the span, is greatly made use of in practice, and is considered the 
simplest and strongest form of arch. 

The stones composing the arch of a bridge up to 80 feet span are gener- 
ally made of the same depth ; beyond this span it is essential that the depth 
of the arch stones towards the abutments should be increased from one- 
fourth to one-half that of the keystone. 

100. Depth of Arch Stones. — ^The following empirical expression in 
general use for the depth of the keystone is given by Professor Rankine — 

D = CV^ 

when D equals the depth of the keystone, C is a constant and r the radius 
of the arch in feet at the crown. The value of C is as follows : — 

Tablb IX. 

For first-class stonework, . G — '36 

For second-class stonework, . . — '4 

For brick and rubble, . . C — *46 

The joints of cut stones or ashlar forming an arch should have a moderate 
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degiee of roughness to resist displacement by sliding, and also to aid the 
adhesion of the mortar. 

It is essential that these joints should be properly dressed to template 
and fitted in position, to test tbeir accoraoy before they are finally laid 
in mortar. The arch stones should be properly bonded, that is, overlapped 
or break jointed; this has the effect of distributing the pressure and of 
tying the building together. 

101. Brick Arches. — Brick arches may be built of gauged or of conmion 
shaped bricks. In practice the latter are generaUy employed, the arch 
being built in concentric rings half a brick thick. They are thus all laid as 
stretchers, a somewhat deficient form of construction ; the upper joints 
should therefore, especially in arches having a considerable rise, be pinned 
with pieces of slate, and built with cement mortar as tenacious as the bricks 
themselves, to insure the several rings of bricks being properly connected. 

Headers are sometimes introduced at intervals, which embrace one line 
more of stretchers in the second than in the first course, so that by this 
means the continuity of the concentric rings is broken. 

Brickwork arches are usually built of the following dimensions : — 

Tablb X. 

Arches of 12 feet span are made 14) inches thick. 
}» 24 ,, ,) 18 ,, 

ft &0 ,, ,, 22) ,, 

40 „ ., 27 



j» »^ f» »» ••• II 



The backing of an arch may consist of coursed ashlar, rubble masonry, 
or concrete, built to a proper level. Provision should be made, in the event 
of water finding its way from the road surface, to protect the arch and 
backing by covering the exposed surface with asphalte, and collecting and 
discharging the water by suitable means through the arch at the lowest 
points to the surface of the ground. 

102. SpandiJl Walls. — The walls built on the top of the arch rings up 
to the level of the roadway are called spandrils; these should be of sufficient 
strength to withstand the lateral pressure of the filling material and the 
traffic. 

In many cases it is advantageous to introduce internal spandril walls 
built parallel to the external ones on the top of the arch, and covered with 
flat stones ; or small transverse arches may be turned between the walls to 
support the material forming the bottoming of the highway, the spaces 
underneath being left hollow. When these internal spandril walls are high, 
they should be strengthened by building cross walls at intervals. 

This method of construction is favourable to stability and lightness, and 
when adopted the external spandril walls become abutments to the trans* 
verse arches, and therefore must have sufficient stability to withstand the 



$2 ROAD MAKING AND MAINTENANCE. 

thiuat imposed upon them. The exterior spondril walla immediately sbove 
the keyetone of the arch at each side are in most cases finished with a 
projecting string course, on which the parapets of the bridge are erected. 

108, Fonniag Embankments over Bridges and Oulverts. — In farming 
embankiug over culverts and arches of bridges, near abutments, wing-walla, 
and retaining walls, care most be taken not to injore the maaonry by unequally 
distributed or sudden pressures. As a precaution, dry earth should be 
spiead in thin layers and rammed immediately behind and extended to a 
distance of about 8 feet from the masonry. It is also essential, when 
banking over laige arched bridges and culverts, to cany it up aimultatie- 
oualy on either side to prevent unequal lateral pressures against the 
structure. 

104, Cmtering. — Conuderable attention must be given to the constrac- 
tion of the centres, an indispensable accessory, on which the arch stones 
are supported during erection. They are constrncted of timber, and conaiBt 



Flo. 39. — Showing Bcantlingt uid arrangameDl; ol cantrea for a bridga of 20 fett Bpan. 

of parallel frames or ribs, which should be made as rigid as possible. This 
rigidity is best attained by adopting one of the three following plans stated 
in Professor Bankine's CivH Engineering : — (1) Direct supports, (2) inclined 
struts in pairs, and (3) trussed wooden girders. For amall arches the centres 
may consist of several light frames or ribs, made up in one or more thick- 
neases and bolted together. The upper edge is curved to suit the intiados 
of the arch, and on the top of these ribs planks are laid called laggings. 
Uprights with soles and sills are placed near the springing of the arch, and 
a similar anangement ia carried out at intermediate points between the 
abutments or piers where practicable. For light arches the ribs may be 
erected according to the size of the timber used for the framework, and the 
distance apart at which the ribs are placed. 

Fig. 39 shows what would be suitable for an arch of 20 feet span and 
of brickwork 18 inches thick. The ribs may be spaced at from 3 to S 
feet apart, according to the weight of arch, the laggings being 1^ inch 
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thick in the former case, and 2 inches in the latter. The struts are placed 
as shown in the figure, or they may be fixed at right angles to the arch, as 
shown by the dotted lines. The centering shown in fig. 39 has a support 
midway between those at the abutments. With a span of 15 feet similar 
scantlings of timber may be used, but without the centre support. Centres 
for huge arches are constructed of heavy timber, and are sustained either 
on intermediate supports across the span, or, when this is not practicable, 
on the foundations of the abutments or piers at both sides. In the former 
case, with arches of considerable span, the curved parts of the ribs 
carrying the laggings are supported by struts sometimes placed perpendicu- 
larly to the intrados, resting upon horizontal beams fixed on upright timbers, 
or piles for river work, carried up from the ground level. These struts may 
also be placed in a vertical position and be strengthened by diagonal 
bracing to counteract any tendency to lateral flexure. With this form of 
centre the frame is not liable to change shape should the building of the 
arch stones be carried up to a greater extent on one side than on the 
other during construction. 

In the other case mentioned, where an intermediate support for the 
centres cannot be fixed sufficiently near each other, a system of inclined 
stmts in pairs or trussed wooden girders should be employed, but this is a 
complicated arrangement. Stiffness being essential, polygonal frames and 
timber arches should be avoided, owing to their flexibility. 

105. Wedges and Striking Blocks for Bridge Centres. — ^It is neces 
sary, when erecting a centre, that provision be made for its being easily 
removed when the arches are completed. The 
simplest method of accomplishing this, especially in 
centres of small bridges, is that of placing double 
wedges having a taper of I in 6 or 1 in 8, on the sills 
immediately under each rib or centre, as shown 
in fig. 40. For large spans wedge-shaped steps are 
employed called striking plates. It is of the utmost 
importance, especially in bridges of very long spans, 
that the centres should be lowered gradually in 
order to allow the arch to take equal settlement. 

The wedges should have a long taper of about 
1 in 10, and be marked in a distinctive manner so 
that each rib may be lowered by an equal amount 
at the same time. The time and extent of easing and striking centres 
depend on the size and weight of the arch, temperature, composition of the 
mortar, and the class of masonry of which the arch is constructed. Centres 
may be eased immediately after the arch (built with lime or slow-setting 
cement mortar) is loaded to stability, while the centres should be struck in 
from five to eight days. The same remarks apply generally to small arches 
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Fio. 40. — Details of 
lowering wodge for 
centres of small span. 
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built in cement, onl^ the centres should be struck sooner; in Urge arches, 
howeTer, built with quick-Bettiog cement mortar, it is considered inadvisable 
to ease the centres at all. The cement in the portion of the work first 
built will have set before the completion of the arch, and an; easing would 
iDJurioaelf affect the setting of the cement in the portion of the arch which 
was executed last. Disturbanoe of the work b; vibration should be guarded 
against, as it destroys the setting power of all kinds of mortar, espedallf of 
cement, The centering for concrete arahes should not be disturbed for at 
least fourteen days after finishing the concTet«. 

106. Cmtres for Arches of Bridge over the Biver Don and London 
Bridge.— Tlie centering shown in fig. 41 is Telford's design for a centre 
with intermediate supporto, used for a bridge over the river Don, of which 
the span is 75 feet, while fig. 42 shows the pier centering of trussed girders 
adopted in the building of London Bridge. 



Pio. 41.— Centre for arch of s bridga ever th» rivtr Dod. 

The latter illustration shows that one-fourth of the span at either side 
was directly supported fay piles and di^onal bracing. The lib across the 
middle half of the span was formed of a diagonally braced girder of great 
stiflhess, the depth being one-foutth of its span. The striking plates and 
wedges by which the centre is lowered after the completion of the arch, are 
shown in the figure, a being the upper plate, b the lower plate, and c the 
compound wedge, which is kept in position by the cross wedges d. 

107. Iron pipes 1 foot long, filled with dry sand, and provided with a 
cylindrical block of wood fitting into the top, placed under the ribs of the 
centering, are sometimes used as a subetitute for wooden wedges in eanng 
and striking centres. The process of lowering is accomplished by allowing 
the sand to run out of the cylinders as required. 

108. Timber Bridges. — Bridges erected with timber supports and 
superstructure are now an' almost obsolete form of construction in thi» 
country, except for temporary purposes. Timber beams resting on abut- 
ments or piers of masonry are used to a limited extent when the span is 
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Bm&ll and the traffic unimportant. In those countries where timbet ie 
abundant manj large bridges have been erected with this claaa of material, 
and when properly protected and painted are eaid to laet about twenty 
yeara. The simplest manner in which timber can be applied, when the 



Fio. 12. — Centre for ftrcb, LoDdon Bridge. 

Bupporta ate of masonry, is in the form of beams 01 string pieces with 
cleadiog fixed on the top to carry the roadway. When the span exceeds 



Fio. 48.— Timber bridge for aotXl span. 

8 or 9 feet, struts are generally introduced, as shown in fig. 43. Another 
form of oonetruction suitable for spans up to 30 feet is shown in fig. 44, 
and may be used for bridges carrying light traffic. Beyond these spans 
different forms are employed, such as tnu^ girders composed principally 
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of BtmtB and ties, with parallel top and bottom beama, or in the form of an 
arch. 

Umber bridges, owing to their perishable nature when eal^ectad to Uie 
influence of alternate wet and drought, should not be made use of except 
when other suitable materials are not arailable. Tho annual cost of repairs 
upon timber bridges becomes a heavy item, and in the contae of a few years 
will equal, if not greatly exceed, the expenditure which the bnildiug of a 
permanent structure of stone or brick work would entail. 

109. Iron and Steel SupOTBtmcturw. — The superstructure of bridges 
formed with iron or steel has to a great extent superseded the ordinary 
masonry arch, in bridges of long span, or where the hns of the bridge ifl at 
a considerable angle to the object crossed. The employment of cast iron 
is limited to bridges having short spans, the roadway being carried by jack 
arches built between and springing from the lower flanges of the beams ; 
the arching being generally made 9 inches thick, and covered with a j-inch 
layer of asphalte or other impervious material, llie space between the 
beams and over the arches is filled with concrete, broken bricks, or other 
material of a like nature, up to the level on which the metalling is spread. 



no. ii.— umber bridge lor spsn up to BU leet. 
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Tio. iS. — CroM'Scction of bridge formed of cut 
iron bMint and jack-srohiDg. 



face-girders, when jack-arches are em- 
ployed, is provided for by means 
of tie-rods IJ to 3 inches in 
diameter, placed at intervals 
across the bridge from S to tj 
feet apart, which bind all tha 
longitudinal girders together. 
This method of constrnction is 
illustrated in fig. 45. 

The supeiatructuTe of most 
bridges is now constructed of 
wrought iron or steel. Tho 
plate girder of uniform depth 
or ho(;-backed shape has been 



greatly used, and was the form empli^ed almo<st exclusively previous to the 
lattice type being introduced. 
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The plate girder is still made use of in spans up to 60 or 70 feet; 
beyond this it is more economical to employ girders of the lattice type, 
which may have parallel booms, or be constructed on the bowstring principle ; 
sometimes^ however, they are built in the form of an arch. 

When the head-room or height to the under side of the girders in 4 
croesing an existing line of communication, railway, canal, or navigable 
river is limited, only outside main girders are employed to carry the road- 
way. When, on the other hand, no such restriction is involved, the road- 
way may be carried on the top of a series of plate or lattice girders having 
a uniform depth. In the former case cross girders, of the plate or lattice 
type, are required, and extend between the main girders to the lower flanges 
of which they are fixed. These transoms or cross girders are built with a 
camber similar to that of the rise of the transverse section of the road ; they 
are spaced from 6 to 10 feet apart, on which bearers running parallel to the 
main girders are fixed, and on the bearers convex buckle or corrugated 
iron plates are riveted, which, extending the whole width across the 
bridge, completes the superstructure. These plates are generally covered 
with asphalte, but concrete, composed of cork and bitumen, is also made use 
of on account of its lightness, while fine cement concrete is at ' times 
employed to protect from moisture the ironwork on which rest the mate- 
rials composing the road. 

110. Steel Trough Decking. — Steel trough decking is now extensively 
used in forming the floor or deck between the main girders of bridges, and 
may be fixed on the top or to the web and lower flanges of these girders. 
This form of decking is gradually superseding that of cross girders and 
buckle plates in the construction of the steel superstructure of bridges. 
Trough decking may also be used, not in the form of a cross girder but 
longitudinally, in which case the outside or main girders are dispensed with, 
and their employment insures a considerable saving on the first cost of 
constructing bridges up to a span of 36 feet. They are designed to carry 
with safety liva or moving loads, comprising the weight of road-rollers and 
of traction-engines, in addition to the ordinary loads to which road bridges 
are subjected. The cross-section of a road bridge with this type of super- 
structure is illustrated in fig. 46. The dimensions shown are suitable for 
spans of from 16 to 20 feet ; the weight of the steel decking for these spans 
is from 25 to 30 lbs. per square foot respectively. 

111. The gradients of the approaches to many existing bridges and 
culverts could be greatly improved by substituting trough decking for the 
rabble arches of which many of these are built when they fall into a state 
of disrepair and require renewing. The relative cost of building an arch of 
brickwork in cement, including haunches, spandrils, and centering, for a 
bridge having a span of 20 feet, would be about 3s. 2d. per square foot of 
area covered ; and for trough decking, assuming that the abutments are 
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boilt to the eune height in either case, 3b. 8d. per square foot. The Baving 
effected in the conatruotion of the superstructure of such a bridge 16 feet 
wide would be £\6 in favour of steel trough decking, 

llli. Protecting Dangerous FUces. — All roads at dangerous points 
, should be protected to prevent accidents to pedestrian sad vehicular traffic. 
This, as a rule, applies more fordbl; to precipitous hillside and mountain 
roods. Road authorities are under an obligation to perform the work neces- 
sary in oarrying out these protective works, while the roadsides on level 
ground are fenced hy the pioprietors through whose land the highway 
passea. Mac; methods are in use for accomplishing this. 

Earthen mounds are the most economicall}' formed, but are genecallj 
in time raised too high hj the roadside accumulations being heaped upon 
them, whereby free circulation of air on the road surface is prevented. The 
outlets or cuts for discha^ng the surface dnunage of the road require 



Flo. 49. — Crou-iecdon showing HmuigBnient of stMl trongli decking 
Bi applisd to bridge work. 

special attention where this form of protection is adopted. Parapet walls 
of stone built dry are an efficient and economical means of protecting 
a toad, where such material is avtulable. In sidelong cuttings, where 
retaining walls are a necessity, the parapet walls are fonned by continuing 
these to a proper height. They should have a thickness of at least 18 
inches, and be 3 feet 6 inches to 4 feet high, finished with a rough cope set 
on edge, while the outside joints and cope should be pinned and pointed 
with lime mortar. The most common fence, however, is that of the quick- 
set hedge, planted on the top of a raised mound made from the excavations 
in forming the ditches. It makes a good protection after tJie lapse of Bome 
time, but requires in the interval a considerable amount of attention. An 
open post and rail fence answers the pnrpose very well, while wooden and 
iron posts to which plain galvanised iron wires are attached is the method 
adopted in districts where building stones cannot be conveniently obtained. 
The great objection to stone fences is that, being liable to decay and damage, 
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they are expensive to maintain. So far as the durability of the road surface 
is ooncemedy this is best promoted by having open fences, as by this means 
of protection the beneficial influence of the sun and wind in producing 
evaporation is not lessened ; while with close fences, such as stone walls and 
hedges, especially if they be high, the beneficial effects mentioned are 
diminished to a considerable extent. 

118. In districts where snowstorms are prevalent during the winter 
months, the existence of close fences alongside a highway, apart from those 
for protecting dangerous places, is a source of considerable expenditure 
in opening the roads for traffic after a snowdrift. Where walls and 
hedges form the boundary line of a road it is not an imcommon experience 
to encounter a snow cutting of 6 feet in depth the full width of the roadway, 
and extending in many instances for miles, while the adjoining fields are 
comparatively free from snow. 

In the author's experience, the cost of clearing snowdrifts has amounted, 
on many occasions, to from £400 to £600 over a district of between 200 and 
300 miles, and this expenditure in all probability would have been saved, or 
at all events greatiy reduced, had open fences existed instead of walls and 
hedges. Besides the heavy cost thus entailed, considerable damage is done 
to the road surface by the melting snow, especially where there is heavy 
vehicular traffic. It is doubtful, even on consideration of the preceding facts, 
whether any improvement may be looked for in the direction indicated. The 
protection afforded to farm stock when grazing, and the capital expenditure 
already involved in providing these close fences^ remove. to a remote date any 
probability of a change, or it might be said reform, being brought about. 



CHAPTEK IV. 

BOAD MATBBIALS OB METAL. 

114. The bearing of the science of geology in relation to the formation, of 
new roads brings the engineer into close practical contact with this subject, 
and on the manner in which the prominent physical features and under- 
lying strata composing the earth's crust are examined will the ultimate 
success of the undertaking greatly depend. A knowledge of geology is a.lso 
of great service in selecting a site for a quarry from which suitable rock may 
be obtained, either for the construction of a new road, or for preparing 
metalling for the maintenance of existing highways. The hard igneous, 
plutonic, and metamorphic rocks generally used for road work constitute 
large masses in the crust of the earth, which are now exposed at the 
surface, or form veins, dykee, and intruded sheets in. the strata overlying 
them. 

115. A sufficient knowledge of the locality and general geological 
structure of the particular stratum desired may be readily obtained, in the first 
instance, by a study of the coloured maps, with sections of the strata of 
which the surface of the country is composed, issued by the Geological 
Survey of Great Britain. 

116. Bock Materials for Boads. — ^The different varieties of rock from 
which macadam is prepared for the construction and maintenance of roads, 
and the making of setts for paved streets, vary to a considerable extent in their 
component parts, and also the degree of crystallization which has taken place. 
It is very seldom, indeed, that two samples of rock taken from a4]oining 
quarries, at no great distance apart, are found to contain the same proportion 
of 'simple minerals,' while in cases of rock taken from the same quarry 
the primary forms of crystallization are quite distinct, forming different 
varieties of structure, although the chemical composition may be similar in 
each case. 

The igneous and siliceous rocks form the greater bulk of the materials 
used in road making and repairs, but many other different kinds of stone 
have been, and still are, used for this purpose. 
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Granite and syenite are the principal rocks of which setts are made for 
paving carriageways, or streets iu large tovms, where vehicular traffic is 
heavy and continuous. The trap rocks, greenstone or whinstone, and basalts 
are also greatly used for this purpose, but their durability, unless in isolated 
instances, cannot be compared with that of certain granites and syenites. 

117. The Mineraloe^cal Compodtion of different Bock Haterials for 
B oada. — The materials employed for road metal are prepared from different 
kinds of rock, the principal of which are Granites, Syenites, Diorites, Basalts, 
Dolerites, Diabases, Quartzites, Mica-schists, Limestones, Bagstones, Sand- 
stones, Flints, and Gravel taken from pits, river beds, or the sea-beach. 

The mineralogical composition of rocks varies considerably, while a 
great difference exists in the chemical stability of many of the minerals 
composing them. The mineralogical peculiarities or qualities combined in a 
typical road stone depend principally on the composition, and to a great 
extent ou the manner in which the different minerals are aggregated together, 
aach as the crystalline texture and the nature of the base or matrix, forming 
a kind of paste or cement in which the crystals are imbedded. 

The conditions under which rock masses have been hardened can be 
tolerably well ascertained by noting the degree of crystallization which they 
have undergone. This depends to a considerable extent upon the slowness 
or rapidity with which they have cooled, and the depth at which con- 
solidation has taken place. Generally speaking, each mineral has its own 
temperature point at which it crystallizes. When rock has chilled rapidly 
it appears glassy, the crystals not having had time to form ; while, on the 
other hand, if the cooling process of the -molten mass has been extremely 
slow, the chemical elements have had time to assort and arrange them- 
selves into chemical compounds, and in obeying the laws of crystallization 
to assume special forms. 

118. Granite.* — Granite is composed essentially of felspar, mica, and 
qaartz aggregated together in a thoroughly crystalline-granular manner. 
The felspar is either orthodase (potash felspar), albite (soda felspar), or 
oligoclase (soda-lime felspar), the former generally prevailing, the latter 
being found in smaller quantities. 

The predominant mica in granites is the muscovite (potash) variety ; the 
dark brown or black variety biotite (magnesian mica) is also found, while lepi- 
domelane or haughtonite is of rare occurrence. The quartz or pure silica some- 
times forms a paste in which the other minerals are embedded, and occasionally 
the component ingredients are found as independent crystals. The other 
accessory minerals, beryl, topaz, and tourmaline, are found in cavities of the 
granite when the minerals occur as independent well-formed crystals. 

* The description of some of the rocks mentioned in the immediately following 
paragnphs is partly taken from the article on ' Geology' iu the Encyclopoedia BrUanniea 
by Profenor Qelkie. 



.' 



92 ROAD MAKING AND MAINTENANCE. 

The texture of granites varies considerably, from coarse crystalline masses 
to fine granular rocks, which pass into elvanite or felsite, and form an 
intermediate stage between granite and quartz-porphyry. 

Of the different kinds of granite, those which are compact and fine- 
grained, and composed of orthoclase and muscovite, may be taken as a 
reliable material for road metal. The quartz and mica are practically 
unaltered chemically; the felspar, however, especially when oligoclase is 
present, decomposes rapidly into clayey mud on being subjected to the 
disintegrating influence of air and water. Granites vary in colour from a 
grey hud when the crystals of felspar are dusky white, to red when they are 
coloured by the presence of iron. 

Quartz-Porphyry. — Certain rocks, closely allied to, and sometimes 
called granites^ are Quartz-porphyry, Felsite-porphyry, Felstone, and Felsite. 
These are composed of a mixture of orthoclase and quartz as the essential 
constituents, little or no mica being found in their composition. When the 
quartz forms conspicuous crystals the rock is called quartz-porphyry, but 
when the felspar and quartz are intimately mixed so as to present a homo- 
geneous matrix the rock is termed felsite-porphyry, felstone, or felsite ; they 
are generally very compact in texture or even flinty in appearance* Triclinic 
felspars occasionally occur in these rocks, while the minerals mica and 
hornblende accompany the essential constituents; apatite, magnetite, and 
pyrtte being at times met with as accessories. The colours of these rocks 
vary from flesh-red, purple, yellow, to slate-grey, depending chiefly on tlie 
felspar, while dark-grey, brown, and greenish tints are imparted by the 
presence of mica or hornblende. 

119. Syenite. — ^This name is now restricted to rock consisting essentially 
of a mixture of orthoclase and hornblende, but which was formerly applied to 
granite when the mica was replaced by that of hornblende. In addition 
to the component elements mentioned, the minerals plagioclase, quartz, and 
mica are occasionally added as accessories. The durability of syenite is 
greater when quartz and hornblende predominate; felspar and mica are 
weak and of a perishable nature if present to any great extent, and dis- 
integrate rapidly, especially when the crystals are large and have a dull 
appearance. The colour of syenite varies from pink to grey. In most 
cases the rock forms an excellent stone for road-metalling purposes. 

120. Syenite-porphyry contains little or no quartz, but has a little 
plagioclase, and sometimes hornblende and biotite or black mica ; it is an 
orthoclase rock, and is usually termed orthoclase-porphyry. Syenite-porphyry 
is closely allied to syenite, being associated with that rock much in the 
same way that elvanite is with granite. 

121. Diorite. — Diorite is the term applied to greenstones or whinstones, 
and consists of a crystalline- mixture of oligoclase or some allied felspar and 
hornblende, with magnetic iron and apatite. These rocks occur in an 
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eroptive fonn, and under conditions similar to syenite ; the more dark com- 
pact varieties are sometimes called aphanite^ while those containing free 
quartz are known by the name of quartz-diorite. These rocks form a large 
proportion of the material used for road repairs in Scotland, and when the 
component minerals are fine-grained and compact they make very durable 
and satisfactory road metal. On the other hand, those which contain soda 
and lime felspar, combined with a coarse texture, quickly decompose and 
form clay, which creates on the roads during wet weather large quantities 
of mud. Hornblende andeaiie is a rock similar to diorite, the felspar being 
plagioclase ; when it contains free quartz it is called dacite. 

122. Basalt, — ^This rock consists of a triclinic felspar, generally labra- 
dorite, together with augite, olivine, and magnetic or titaniferous iron, with 
apatite and sometimes sanidine or nepheline. The augite in basalt plays a 
similar part to that taken by hornblende in the rocks just described ; it is 
abo a mineral constituent of most of the following serie& Basalt is a 
volcanic rock of great importance, and occurs as dykes, veins, intrusive 
bosses and sheets, while sometimes it presents a columnar structure. It is 
close-grained and compact, the dark colour being chiefly due to the large 
proportion of magnetite, which also contributes to its high specific gravity. 
The term dolerite is given to the more coarsely crystalline varieties of 
basalt, the durability of which is very variable. 

128. Diabase is a name given to rocks consisting essentially of the 
same mineral constituents as basalt; they are, however, much older, and 
having been longer exposed to metamorphic processes aro consequently less 
fresh than basalts. Most varieties of basalt are eminently suitable as mate- 
rial for macadam ; they are generally durable and hard, combined with the 
other qualities upon which depends the value of road metalling. 

All the rocks described are of igneous origin, their internal charac- 
teristics being either purely crystalline, consiftting entirely of crystals inter- 
laced mth each other as in granite, or half-crystalline composed of a non- 
crystalline amorphous matrix with crystals scattered through it ; the latter 
division embraces most of the eruptive masses. 

124. Among metamorphic rocks the qnartzites and greywackes are best ; 
many of these have a sufiicient admixture of felspar, which tempers the 
natural brittleness of the quartz 

125. Mica Schist is found in mountainous regions, and is much used as 
a road material in the Highlands of Scotland and in some parts of Wales. 
It is composed essentially of quartz and mica, disposed in layers which give 
it a stratified appearance. On this account it is not a suitable stone for 
repairing roads which have heavy traffic passing over them. This descrip- 
tion of stone binds well, however, and makes a very good surface on roads 
with light traffic, but creates much mud in wet weather, while at the same 
time it baa the advantage of drying quickly after a fall of min. 
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126. The Carboniferous or Mountain limestones are greatly used in some 
counties in England, Wales, and Ireland for macadamizing purposes ; they 
are very suitable for roads with light traffic, and make a good surface, bat 
create large quantities of mud in wet and dust in dry weather. It can only 
be applied economically on the class of roads mentioned, and where the 
climate is equable ; it is, however, rendered practically useless as a metalling 
material by alternate frost and thaw. 

Ragstone or KerUUhrrag is a limestone occurring with alternate layers 
of sandstone known as hassock^ and belongs to the Lower Greensand 
formation. It is greatly used in Kent as a road material and for kerba 
and channels. 

127. Sandstoties are greatly used, especially the harder kinds, for 
bottoming roads, but as a rule are too soft for metalling purposes; they 
also absorb a considerable amount of water. Many sandstones are chemically 
indestructible, but being loosely aggregated together are, under the wear of 
wheel tra£&c, quickly pulverized, the dust having little or no binding 
qualities. The millstone-grits are the best of this class, and may be used for 
surface repairs on roads with moderate traffic ; they are, however, liable to 
rapid disintegration during drought and frost. 

128. Flints are extensively used in the chalk districts of England; 
they give excellent results so far as a good surface is concerned, but are too 
brittle for heavy traffic. Those gathered from the surface of the land are 
superior to those dug from gravel-pits, or, as they are termed, quarry flints. 
The binding properties of flints are small, for which reason an admixture of 
ragstone or hard chalk is sometimes employed to produce a better road 
surface. 

129. Gravel and stones gathered from the surface of the land are exten- 
sively used in districts where more suitable materials are difficult to obtain. 
The gravel, whether taken from pits, river beds, or the sea-beach, is all more 
or less rounded and worn. Stones of this kind, when used as metalling, make 
a very rough surface, and being of unequal hardness they wear very irregu- 
larly. Land-stones are not, for similar reasons, a suitable material for 
repairs, and their use should only be tolerated when a more suitable kind of 
stone is not available. Ironstone and copper slag are at times employed, 
especially for bottoming roads; as a metalling material they possess no 
binding properties. 

Among stones of the same kind that which bas the greatest specific 
gravity is invariably the strongest, but great difference may exist in the 
durability of stones of the same kind and presenting little difference in 
appearance. 

Table XI. gives the chemical analyses of the more important rocks 
described in the preceding paragraphs. 

180. The Bequisites in a Boad Stone. — In selecting a material for 
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the purpose of road making, the essential characteristics requisite may be 
summarized as follows : — 

(1) Hardnese, or ''that disposition of a solid which renders it difficult 

to displace its parts among themselves." 

(2) TaughnesSf or " that quality by which it will endure light but rapid 

blows without breaking." 

(3) Weather reaietance^ or "non-liability to be affected by the weather." 

(4) Binding properties. 

The latter quality is of no value in stones for paved streets, and where 
steam-rolling is practised it is not of so much moment as when the metalling 
is consolidated by wheel traffic. 

These qualifications are by no means always found together, and the 
selection of a suitable stone for road metalling under any. circumstances Lb 
a somewhat difficult problem. Apart from the practical experience which 
one may possess of judging the quality of any particular rock, more parti- 
cularly when opening a new quarry, the only rational and satisfactory means 
of determining the point is to make an experimental trial upon a section of 
roadway for a sufficient length of time, and over which a known amount of 
traffic passes. The results thus obtained can be compared with those shown 
on any other section of road similarly situated, and which has been main- 
tained for years with a material of recognised quality. 

This process takes time, however, which is a serious drawback when 
the exigencies of the case demand that material from a new source has to 
be found and tested within a reasonable period of time. In the mainten- 
ance of roads it should be the constant endeavour of those having charge of 
such matters to carry out the testing of material by actual wear in the road 
and the relative cost of such stone as is admittedly fit for the purpose. 
This should be done years in advance of any possible necessity for a change, 
by reason of the supply of rock in an existing quarry giving out, or the 
quality of the material becoming inferior. 

181. Physical Teats. — ^When an actual trial of the material cannot be 
accomplished, recourse must be had. to observation and previous experience 
in such matters, while physical tests are frequently made use of to attain the 
object in view, which are of great assistance generally. The results obtained 
have, however, only a relative value, and in many instances the conclusions 
arrived at are extremely delusive. 

Of the many physical tests employed for this purpose the following may 
be mentioned : — 

(1) The abrasion or attrition test ; (2) the drop test; (3) the absorption 
test ; (4) the weathering test ; (5) the crushing test. 

182. The Abrasion Test — This is carried out by placing samples of 
broken stone in a revolving cylinder, sometimes along with a number of 
smaU castings. 
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The stones are weighed previous to and after testing, the loss in the 
form of dust and small chippings being thus ascertained. The machinery 
erected by the Hornsey District Council is a very complete plant for carry- 
ing out this form of test, a brief description of which is here given, as are 
also extracts from a number of valuable tests carried out by Mr. E. J. Love- 
grove, A.M.I.C.E., engineer and surveyor to the Council.* 

The machine used at Hornsey for testing the samples of road metal 
consists of three cylinders, each 1 1^ inches in internal diameter, and having 
three 1 inch by 1 inch angle iron ribs riveted lengthwise on the inside ; it is 
driven by a gas engine. 

The samples of stone to be tested are operated on by what is known as 
the dry and the wet process. 

The same weight of stones is employed in each instance, namely, 4 lbs., 
these being placed in the cylinders and subjected to 8000 revolutions at a 
speed of twenty revolutions per minute. In the wet test the stones are 
weighed dry, and then placed in the cylinders, one half-gallon of water being 
added ; the weight of the stones after testing being ascertained when they 
are thoroughly dry, and the loss recorded, from which the percentage in each 
case is calculated. The chips referred to in the tabulated statement vary in 
size, the dust being in the form of a fine powder. 

It will be observed that Penmaenmawr granite (quartz-diabase), test 
No. 12, only loses in weight by the dry test 2*44 per cent, in the form of 
dust, while under the wet test there is a combined loss in chips and dust of 
3'90 per cent. Quenast granite, a limestone resembling granite in appear- 
ance, loses in the wet test 4*54. Clee Hill Dhu stone, a basalt (dolerite), 
and recognized as an excellent road material, loses in the wet test in dust 
only 10*15 per cent., and Guernsey granite (hornblendic), also an excellent 
material for macadam, loses 14*06 per cent, by the wet test. 

It is evident from the foregoing tests that if the samples of the different 
kinds of road metal treated are not similar as to size and cleavage or cubical 
shape, and in every other possible way, the results will vary accordingly, and 
that the harder the stone, and the less tough it is, the greater will be the 
amount of chips produced. A stone having a high specific gravity is also 
likely to leave a large quantity of chips. 

In order to follow this method of testing materials for road purposes, and 
make a comparison of the results obtained with that of actual experience, on 
the different kinds of metalling used under varying conditions of traffic and 
weather, the following particulars may be given. - Experiments by the 
abrasion test were carried out by Mr. E. J. Lovegrove for the author on 
samples of stone which were considered to be extreme in the separate pro- 
perties of hardness and toughness, but not combined to any great extent. 
The results are shown in Table XIII. 

* The Swrveyor and Municipal aiid Cownty Engineer^ 5th Kovember 1897. 
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It will be observed that a second test was canied out in the case of 
Nos. 3 and 6 ; in the first test of these samples, 18 and 20 stones respectively 
made up the i lbs. necessary for the experiment, while 20 and 30 stones 
respectively were required to make up the required weight in the second 
test. The Liudifferon stone shows the best results for toughness by the 
physical test of abrasion, the wet test in the second trial showing a loss of 
only 4'97 per cent., while that of Newbiggiug similarly tested shows 20*41 
per cent, of loss. 

It is notable that in the case of the former stone the results obtained by 
the wet test are superior to those by the dry test by an amount equal to 5*37 
per cent. This is a peculiarity, but the tabulated results obtained from the 
different tests of the stone are amply borne out in practice. It is an excel- 
lent material for surface repairs where the roadway is shaded or located in a 
damp situation. When steam-rolled it is very durable, and the detritus 
which is formed through wear is composed of fine sand ; it is of a homo- 
geneous nature, the grains being scarcely distinguishable. This material 
was only used to a limited extent previous to the introduction of steam- 
rolling, as, when laid in patches and exposed to the wheels of passing vehicles, 
the metalling was pulverized in dry weather, and as much so during frost 
The test of experience shows that this stone is of a brittle or hard nature 
when in a dry state, while toughness appears to be stimulated by moistare. 
The Newbigging stone, an extremely tough basalt, does not come out well in 
the wet test compared with the Lindifferon stone just mentioned. It is 
nevertheless a very durable class of macadam, and its fitness, under all con- 
ditions of traffic and weather, as a suitable and economical material for road 
maintenance, has been recognized for a long period of years. These two 
specimens of stone will be further dealt with under the chapters on Quarry- 
ing and Stone-breaking. 

133. The Drop Test. — This is carried out by subjecting the specimen of 
stone under examination to repeated blows from a falling weight. A machine 
for testing the tenacity of stones by this means has been used for a number 
of years by the Surveyor of the Truro Rural District Coancil, Cornwall. 
The hardness of a specimen of stone is found by the usual mineralogical test. 
The tenacity of the stone by this method of testing depends on the resistance 
of the material to a hammer weighing 15 lbs. falling 10 inches on the specimen, 
which is placed on an anvil. Samples of rock to be tested weigh 3 lbs., 
broken to road metal capable of passing through, in all dimensions, a 2^inch 
ring. The macadam thus prepared is, by the repeated action of the weight 
falling, reduced sufficiently small for its passing through a sieve having a 
^-inch mesh, which size is taken to represent exhausted road metal, and the 
number of blows necessary to accomplish this being automatically registered. 
A sample of gi^enstone .from Penzance,-^ No. 5 test, having a hardness 

* Vide Paper read by Mr Thomas Clark, surveyor, Truro District Council, at the 
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acoording to the mineralogical test of 6 '5, took 900 blows to reduce it. This 
represents in the drop test the tenacity of the stone, and the dust resulting 
from the experiment, under -^ of an inch, is given as 12^ ounces. A sample 
of stone from Ciee Hill (basalt), which has the same degree of hardness as 
the previous stone, shows a tenacity of 724, with 12 ounces of dust less than 
•^ inch. It is considered by this test that any sample of stone which is 
unable to withstand 200 blows is unfit for road-metalling purposes. 

The County Surveyor of Cornwall, Mr. T. J. Hicks,* commenting on the 
drop test as carried out and described in the preceding paragraphs, states : 
** Some years ago the surveyor of a highway district here introduced the only 
stone-testing machine I have yet seen that is worth anything, and even that 
is not entirely to be depended on. Taking spar under this test and green- 
stone spar, our worst material, gives hardness, 7 ; specific gravity, 2*56 ; 
number of blows, 264 to crush to dust Greenstone, our best material, 
gives hardness, 6*5; specific gravity, 3*07 ; blows, 799 ; dust^ 11 ounces.'* 

" To show that this test is not altogether to be depended on, however, I 
know a stone that shows very little difference to the greenstone, and that 
ooets about one-third more for breaking, yet under traffic it cracks up readily 
into gravel, and makes mud quickly." 

184. The Absorption Test. — The absorption tost consists in determining 
the liability of a stone to absorb water. It is carried out by weighing the 
stone carefully after being thorouglily dried, and immersing the sample in 
water for twenty-four hours. It is then wiped dry and weighed, the difference 
between the two results obtained being due to the water absorbed by the 
stone. The stones of admitted suitability for road-metalling purposes absorb, 
as a general rule, the least quantity of water. 

Granite absorbs water to the extent of one part of the latter to every 80 
to 700 parts of the former ; it is notable, however, to observe that clay slate 
absorbs water in similar proportions to granite, as will be seen from Table 
XIV., taken from Prof. Rankine's Civil Engineering. 

Table XIV. 
Showing Proportion of the Absorption of Water by Dif event Stones. 

Granite absorbs one part of water in from 80 to 700 parts of stone. 
Gneiss ,, „ „ about 40 „ 

Clay Slate „ „ „ 80 to 700 

Sandstone (strong, Yorkshire) „ 30 to 60 



it 



Clay slate has, of course, no place as a material in connection with road 
construction and repairs. 

'Surveyor' Exhibit of the Building Trades Exhibition held in London, Surveyor and 
Munieipal arid County Engineer, 26th March 1897. 
 Vide the Quarry, January 1897. 
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185. The Weathering Test. — This test is effected in a similar manner to 
the preceding, and has for its object the determination of the ability of the 
stone, after absorbing water, to withstand the effects of the disintegrating 
action of frost. It may be carried out artificially by soaking the stone in 
sulphate of soda (Glauber's salt) and hanging the sample up for a few days 
to dry. This process must be repeatedly performed, when it is said that the 
stone will behave as if under the action of a thaw succeeding frost. To 
properly carry out this test, however, it is necessary to expose the specimen 
of rock to the actual disintegrating action of frost. As in the absorption 
test) the stone is immersed in water for twenty-four hours, and then placed 
outside when the thermometer registers 32** Fahr. or under. The frozen 
specimen is then thawed and the process alternately repeated, when the loss 
in weight by disintegration is ascertained. As this test can only be effected 
during the prevalence of frosty it is consequently not always easy of appli- 
cation. 

136. The Crushing Test, — This test consists in determining by means of 
a hydraulic press the resistance of a sample of carefully dressed cubes of 
stone to crushmg. The results obtained by this physical test are, so to speak^ 
of a positive nature ; yet they may be very misleading in so far as the selec- 
tion of a suitable stone for road metal is concerned. Too much importance 
is generally attached to this property, especially by quarry-owners. 

To show how delusive it is to attach undue weight to a high resLstance 
to crushing, solely on account of a stone possessing this property, the follow- 
ing different kinds of stone may be compared. A specimen of rock from 
the Glee Hill quarries already mentioned, which is described as a tough, 
hard, fine-grained basalt, and " almost perfect as a road stone," is capable of 
sustaining a crushing test of 6 tons per square inch. Guernsey granite 
(syenite), also an excellent stone, and much used in London and the southern 
towns of England for road repairs, shows a crushing resistance of 12*75 tons 
per square inch. 

Flints, on the other hand, are a very suitable material where the trafi&c 
is moderate, and are used to a considerable extent in many English counties 
where more suitable material cannot be obtained. This description of material, 
however, cannot be compared with either of the preceding stones for dura- 
bility when subjected to the vagaries of traffic and weather ; nevertheless, it 
has a high resistance to crushing, being slightly over 14 tons to the square 
inch. From this comparison it is evident that a high resistance is no indi- 
cation of the wearing qualities of a road stone under the practical test of traffic 

A stone having a high resistance to crushing clearly shows that other 
qualities are necessary in order that it may be successfully used for metalling 
purposes. It has been shown that toughness alone is not enough for a good 
stone to possess, while one having a high resistance to crushing is equally 
deficient ; so that of these two properties, it is apparent that the one is quite 
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as essential as the other for a stone to possess in order that it may be 
considered as having good wearing qualities. 

187. In France the Administration des Fonts et Chauss^es has adopted 
a comparative numerical value of the quality of the materials used on the 
national roads. This scale of quality, ranging from to 20, has been formu- 
lated from the combined results of experiments, attrition and crushing tests ; 
and the quantity of materials consumed by a certain amount of traffic. The 
following is a list of most of the varieties of rock used, with the quality of 
each kind expressed numerically : — 

Table XV. 

{Minidhre des Travatix Publics Routes Nationales, 1893.) * 

Porphyry, varying from 10 to 20 

Trap, ^. . . ,, ,1 16 „ 20 

Basalt „ „ 10 „ 19 

Qnartzite, ,, „ 11 ,, 19 

6t^ Quartzoae ,, ,, 10 „ 20 

Flint, „ „ 8 „ 19 

Quartz, „ „ 10 „ 18 

Serpentine, ,, ,, 12 ,, 18 

Melaphyr, , ,, 16 „ 17 

Diorite, , „ 18 „ 17 

Limestone ,, „ 5 „ 17 

Gneiss, ,, „ 5 „ 17 

Granite, ,, ,, 8 n 1^ 

Millstone grit, ,, ,, 6 „ 16 

Ampbibolite, ,, ,, 11 ,, 15 

Schist, ,, ,, 3 „ 15 

MicaSclust, ,, ,, 6 „ 18 

Pnddingstone, ,, ,, 4 „ 8 

188. As bearing upon this subject of physical tests with special reference 
to the mud-producing proclivities of limestone, the results of the following 
interesting experiments may be given of road-stone testing carried out by 
Professor Elliot, University College, Cardiff,! on behalf of the Western Mail 
of that borough. 

It appears from statements in this journal that most of the streets in that 
borough are of macadam, the material being generally limestone, basalt and 
granite being only used in special cases. As a consequence, it is asserted 
that no less than 30,000 tons of mud were removed last year from the 
Cardiff streets. With a view to remedying this state of affairs the Western 
Mail commissioned Professor Elliot to make tests of the various stones 
employed as macadam, the experiments being specially directed to ascertain- 

* Jioads amd Pavements in France, by Alfred P. Rockwell, 
t J^ngineering, 80th September 1898. 
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ing the respective mud-prodacing capacities of the different materials. To 
this end an ' attrition ' apparatus was devised somewhat similar to machines 
previously used for the same purpose in France and America. 

This machine was essentially a Humbler' of special design in which 
the stone to be tested was placed, together with a number of small cast 
iron blocks. This done, the barrel and its contents were rotated at a speed 
of 15 turns per minute for a total of 3600 revolutions. At the end of the 
experiment the loss of weight by attrition was ascertained by weighing; 
this formed a measure of the comparative mud-producing proclivities of the 
specimen. As was to be anticipated, the basalts and granites showed much 
less loss of weight than the limestones, as indicated in Table XVI. 



Table XVI. 



Material. 



Basalt C, 

Basalt A, 

Basalt B. 

Clee Hill 'granite,' 

Penlee stone (basalt), 

Clee Hill Dhu stone (basalt), 

Wicklow granite 

Guernsey granite, 

Aberdeen granite, 

Red brick (hard), 

Black limestone, Mumbles, .... 

Cornish granite, 

Road metal from Cardiff gaol store (CastcU 

Coch), 

Road metal from Cardiff gaol store (Ely), 

Sweldon stone, 

Cwymnofydd, Tongwynlais, .... 

Hard sandstone, 

Neat Portland cement, 



Duflt or dry mnd 

produced in 4 hoim' 

Test, per cent 



5-8 

6-9 

6-6 

7-0 

7-2 

7-9 

8-0 

9-8 

15-7 

16-9 

20-0 

22-1 

22-5 

24-6 
80-2 
34-7 
89*4 
89-5 



ATerage oomprea- 

sive fltreogth, 

tons per aq. In. 



12-46 
9*85 

12-02 
6-49 
5-54 
9-45 
6-41 
7-99 



5-96 



8-99 
8-09 



189. It will be observed from the tabulated statement that the compressive 
strength of the different stones was also determined by Professor Elliot 

This latter test>, as has already been stated, forms an unsatisfactory cri- 
terion of the merits of a stone for road making purposes. Indeed, if the 
compressive strength test were a good guide as to the suitability of any 
particular stone, flint roads should be the best. No doubt they are, so far as 
smoothness is concerned, but they will not stand the traffic which a road 
made of good basalt or syenite will carry well. Professor EUiot also 
examined the comparative absorption of different stones, after these had 
been immersed in water, with the results shown in Table XYII. 
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Tablb XVII. 
Absorption Tests. 



Material. 


Hours soaked. 


Per cent 
absorbed. 


Basalt A, B, and C, . 
Penlee stone, 
Olee Hill 'ffranite/ 
Clee Hill Dnu stone, . 
Wicklow 'granite,* 
Guernsey 'granite,' 
Black limestone, Mumbles, 
Sweldon stone, 
Cwymnofydd, Tongwynlais, 










72 
78 
72 
72 
78 
72 
29 
64 
102 


Mere trace 
i» 
It 
«t 
It 
II 

II 

8-7 
16-9 



The amount of water absorbed is, of coarse, a measure of the liability of 
the stone to be disintegrated by frost, and the greater tlie amount of absorp- 
tion, the less will the resistance of the stone be to this source of destruction. 

These tests are interesting in so far as they relegate the limestones and 
sandstones to their proper place as a road material in comparison with 
the acknowledged superior qualities possessed by basalt and trap rocks 
generally. 

140. It will be observed that the results obtained per cent, by the 
attrition or ' dry mud ' test, correspond very nearly with the dry test for 
comparative toughness, carried out bj Mr. K J. Lovegrove, on stones of 
the same class, namely, Clee Hill Dhu Stone and Guernsey granite. The 
difference^ however, between the amount of dust in the Hornsey experiments 
and that in the experiments carried out at Cardiff, shows that there was a 
less percentage in the former, notwithstanding that the samples of stone were 
subjected to 6^ hours' test by Mr. Lovegrove, and only four hours by Pro- 
fessor Elliot. The results obtained can be looked upon only as comparative, 
taken independently in each machine, and it is reasonable to suppose that 
the introduction of cast iron blocks into the ' tumbler ' of the testing machine 
used by Professor Elliot would give a higher percentage of dust or 'dry 
mad,' than tliat resulting from the fixed angle-iron ribs in the cylinders of 
the testing machine used at Hornsey, with which the experiments were con- 
ducted by Mr. Lovegrove. An abstract of the results of these is given in 
the table on page 98. 

141. Dnntfaflity of Boad Stones. — The best properties of a stone for 
macadam, as already mentioned, are toughness, hardness, and the power 
which a stone possesses of being able to withstand the weathering effect 
of atmospheric influences without undergoing disintegration. The cooditions 
and circumstances under which the metalling is to be applied depend on 
the situation of the road and the class of traffic passing over it, and this 
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to a great extent should determine what will be the moet suitable material 
under different circumstances for the efficient and economical maintenance 
of a road. 

The durability of a road stone depends partly upon resistance to 
mechanical abrasion, and partly upon its power to withstand chemical 
decomposition. The resistance to abrasion depends mainly on the com- 
position of the component minerals and the manner in which they are 
aggregated together into a compact mass, while the texture of the rock also 
enters largely into the question. The disintegrating effect, on certain stones, 
of the chemical influences met with on the surface of a road, is brought 
about by the decomposition of certain of the component elements causing 
the formation of a powdery clay. This is particularly the case with felspar, 
especially when the soda or lime varieties exist to any great extent. Biotite 
or black ferro-magnesian mica is of a very weak and perishable nature, 
and affects adversely rocks of which it is a component element. 

The efficiency of igneous rocks generally depends on their compact 
granular texture. Those in which the grains are eo small that they are 
barely visible, forming a continuous mass, cemented together in a siliceous 
paste, more or less compact, and having a high silica percentage com- 
bined with a sufficient quantity of ferro-magnesian constituents which 
tend to promote toughness, may be looked upon as satisfactory, being 
generally of a hard and durable nature. 

Many minerals when exposed to the influence of air and water are liable 
to alteration as distinct from chemical disintegration, their durability de- 
pending on whether the power of cohesion is destroyed or otherwise. Rocks 
of a crystalline texture may be adversely affected by the decomposition of 
one of the component minerals ; cohesion is maintained simply by the crystals 
being interlaced with each other or wedged together in mosaic fashion, 
as in the case of granites. 

With some other rocks a more intimate union is observed, the crystalline 
grains are compactly set in a siliceous paste or matrix, which, by itself, is 
sufficiently durable to hold together and withstand chemical action, even 
should the crystals themselves be adversely affected and become decomposed. 

Undoubtedly the best materials for producing the most durable metalling 
are basalts, diorites, and syenites ; those having a fine texture and compoaed 
of minerals which remain unaltered when exposed to chemical influences 
give the best results. 

Many rocks of the igneous series, however, show great variation, even 
when they are of an apparently hard and durable nature, decomposing 
and producing much dust in summer and a large quantity of greasy mad 
in winter. A trial should be made of the wearing qualities, under traffic, 
of each kind of stone of a doubtful character. 

This is the only reasonable test which can be depended upon of 
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the fitness or otherwise of the material for the purposes of preparing 
macadam. 

142. In localities where a suitable material of recognized quality does 
not exist, the hauling of a good class of macadam from a distance forms 
a large part of the total cost, amounting in some instances to 75 per cent 
of the actual price per cubic yard of the material delivered, which limits 
and in many cases prohibits its use. 

Under these circumstances the local material, whether it be of flints, lime- 
stone, gravel, or land-stones, is made use of, greater quantities being applied 
with a view to compensate for inferior quality. 

This is probably, under the circumstances, the best arrangement to carry 
out, but it has the disadvantage of giving rise to large quantities of mud in 
wet weather, owing to the material being of a soft nature, which necessitates 
constant scraping. This abo adds considerably to the cost of maintenance 
in comparison with the employment of material possessing better wearing 
properties. 

143. Koad metalling prepared from rock of a highly siliceous nature, 
bat deficient in binding qualities, and which in many instances was eschewed 
on account of the stones becoming loose during dry weather, can now be 
advantageously adopted where steam-rolling is practised, the application of 
a suitable binding material overcoming to a great extent the inherent defi- 
cien<^ of the stone in this particular. 

On roads over which heavy trafiic passes, experience proves that by using 
the best material for repairs, although it costs more than a local stone of 
inferior quality, the ultimate expenditure will, taking all the varying condi- 
tions into consideration, be considerably less per annum. On roads which 
are not subjected to heavy traffic, metalling of a less durable nature may, 
under certain conditions, be employed, such as flints, hard limestone of a 
crystalline appearance, and millstone grit These diflerent kinds of material 
make very smooth and pleasant roads for light traffic, the limestone by itself 
or iu combination with the flints, possessing the property of forming a mortar- 
like detritus which binds the stones together. Excessive moisture, however, 
produces much mud, necessitating constant cleaning, while during dry 
weather the surface is covered with dust and is liable to break up. The 
hardest limestones, often designated as granite, are considered in certain 
localities to have remarkable wearing properties, under moderate traffic. 
'* Bristol Black Rock" is one of the class which is said to possess this 
quality, and it is further claimed that rock of similar properties is very bard 
to beat as a material for macadam. It should be remembered that the haul- 
age and subsequent labour in the consolidation of the metal are nearly the 
same, whether the quality of the stone employed is of a superior or inferior 
nature. The actual cost of quarrying the stone in cases of extreme hardness 
or otherwise, forms, as will be explained later on, a mere fraction of the 
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ultimate amount necessary to be expended in constructing any section of 
road. 

144. ComprehenBiye Eoad-Stone Tests to form Standard or Scale of 
Comparison. — Road-stone tests have occupied the attention of engineers and 
surveyors for many years past, but without any practical results of a com- 
prehensive nature being achieved, although the time and laboar bestowed on 
the matter have been considerable. The subject is of decided importance 
and one of growing interest, as evidence of which the exhibits of materials 
in connection with road making and the building trades, held periodically in 
London, may be mentioned. These exhibitions, besides being interesting; 
are of a highly educative nature. 

Undoubtedly the problem is one in which individual knowledge of Uie 
wearing qualities of road metal in a particular locality may be tolerably 
accurate; nevertheless a ready and reliable method for selecting material 
from any source would be of great value. 

Statistics, and also the tests carried out on road metal, show, however, 
that information on the subject, taken as a whole, has not made much pro- 
gress in this country, .more particularly as to the relative merits of the dif- 
ferent kinds of rock and other materials used in road construction and repair, 
and to the connection between these and their luineralogical composition 
and wearing properties under the varying conditions met with in practice. 

That tests are necessary for supplying the data for a definite scale which 
shall serve as a standard of comparison as to the relative value of different 
stones for road metal, is evident from the fact that any stone called granite 
is considered to be a good road material, although many granites in use are 
not of a durable nature. Similarly, many other rocks, notably elvans, 
basalts, quartzites, limestones, and some sandstones, although in many 
instances excellent material for macadam, are termed ' granite ' as a trade 
name, while dolerite and diorite or whinstoue are sometimes styled * black 
granite.' These errors of nomenclature are very misleading, and a numeri- 
cal scale or standard of comparison would, if introduced, relegate the 
different materials to their proper places, according to the chemical dura- 
bility of the mineral constituents composing them, and the other properties 
which go to make a reliable road stone, whether these are igneous or sedi- 
mentarv rocks, or chemical concretions. 

The binding properties of many siliceous stones are deficient, but this 
defect, when the metalling is consolidated by steam-rolling, can be overcome 
by the judicious application of -a suitable binding material. 

Foothold and ease of traction might also be taken into consideration, 
and the former, especially in the case of basalts, demands some attention, 
when that material is used for repairs on roads having steep gradients. 

All the methods of testing macadam by the several physical processes 
enumerated on pp. 96 to 102 inclusive are, taken exclusively by themselves. 
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misleading to a great extent, and in many instances do not agree with the 
behaviour of the material under actual traffic 

The standard of proficiency, for the best procurable stone, might be 
represented numerically by 1 indicating 100 per cent., and for limestones and 
sandstones 10, with a percentage which might vary from 50 to 20, according 
to the arrangement of the scale and the character of the materials embraced 
in it. 

The real difficulty in arriving at this scale of comparison would be 
primarily in the selection of the best material obtainable in the British 
Isles for preparing macadam to withstand efficiently all the varying con- 
ditions which necessarily enter into the question. 

The capability of road metal, taken as a consolidated mass, to withstand 
heavy and continuous wheel traffic during a long spell of drought without 
breaking up or splitting into minute pieces, and also of enduring a similar - 
traffic during wet weather or alternating frost and thaw, cannot be easily 
determined. These are certainly the worst possible conditions in the actual 
wearing properties of any class of stone met with in practice. 

Undoubtedly the position of a road, whether situated in the open or in a 
shaded locality, is a circumstance to be considered, while the foundation of 
the road, subsoil and surface drainage, as also level stretches and the 
gradients of roads, have all, more or less, an influence on the durability of 
macadam. 

In the author's experience a road stone which is capable of resisting suc- 
cessfully a heavy traffic on a practically level road, the subsoil being of a 
retentive and naturally damp nature, does not give good results when applied 
in repairing roads on a gradient of about 1 in 25, by reason of the stones 
being split into small pieces by the wheels of vehicles during dry weather. 

As an instance of this peculiarity, the macadam test, Nos. 6 and 8 in 
Table XIII., page 99, may be taken as a case in point ; tests Nos. 3 and 4 in 
same table give satisfactory results on inclines, and on level stretches of road 
where a free subsoil and good drainage exist. In damp situations, however, 
especially when the surface drainage is sluggish, the metalling is not nearly 
80 durable. 

In addition to the value per cent, assigned to the different mineral con- 
stituents of which a particular stone is composed, the durability, and espe- 
cially the resistance to chemical disintogration, shoald be particularly noted. 
Besides these qualifications it would be necessary to embrace, in the scale of 
merits a value for attrition and absorption, and also for the crushing strength. 

The latter test carried out on dressed cubes of stone, regardless of the 
texture and cleavage of the sample, fail utterly to convey any reliable infor- 
mation as to the comparative pressure-resisting properties of the different 
stones used for macadam. In estimating this factor it would be desirable, 
and certainly more conclusive, to test a given area of consolidated metalling. 
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as a square foot, for instance, which wonid detexmine the compressive 
strength, and therefore the comparative valae x>f the material as applied and 
tested in practice hy actual wheel traffic, 

145. The different sources of supply of the igneous rocks and the other 
materials from which macadam and paving setts are derived, indicate their 
geographical distribution in the British Isles, as may be gathered from the 
following particulars. 

In 44 per cent, of the fifty-two counties comprising England and Walea, 
there are granite, syenite, basalt and diorite (whinstone), while 90 per cent, 
have limestone of varying degrees of hardness ; 8 per cent, have neither 
class of material for road purposes. 

146. Scotland has only one county in which granite, basalt, whinstone 
or limestone are not found ; the latter class of material is, however, only 
made use of to a very limited extent for macadam ; the other rocks (espe* 
cially whinstone) are abundant in most of the counties, and are generally of 
a superior quality. 

147. In Ireland granite and whinstone are found in 37 per cent, of the 
counties, while limestone is found in every county except four, and in three 
counties there is neither class of material. 

148. The syenitic-granite of the Channel Islands, especially that from 
Quernsey and Aldemey, finds a ready market in London and many of the 
towns on the south coast ; about 280,000 tons of finished material are 
shipped annually from St. Sampson's alone, of which about 30,000 tons are 
macadam, the remaining quantity being made up of channels, kerbstones, 
and paving setts. The absence of suitable material for preparing macadam 
in many of the English counties, and the appreciation or anxiety shown by 
those County Councils to obtain the very best material possible, has been the 
means of concentrating and extending the industry of quarrying and breaking 
stone for road purposes in localities where it is abundant, of recognized 
quality, and within reasonable distance of any of the ordinary means of con-> 
veyance, or connected directly by railway. 

149. Among tbe principal centres of the quarrying industry in England 
and Wales for the production of macadam and paving setts, etc., the 
following may be mentioned : — 
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Banion Hill, Great Ayton stone (basalt) North of England. 

Hartshill (' basalt/ qaartzite) Warwickshire. 

61yn Rnabon (basJEilt) Denbigh. 

Portmadoc (syenite) Merionethshire. 

Geirog (granite) ' Chirk, North Wales. 

Pennant stone Glamorgan, Somerset, Ponty- 

pridd and Bristol. 

150. The principal centres in Scotland of the granite industry in con- 
nection with supplying material for the making and repairing of roads and 
streets are Aberdeen, Cove, Kemnay, Peterhead, Dalbeatie, Bon Awe, Fur- 
nace Quarries (Loch Fyne), Elilsyth, and in Kincardineshire. Paving setts 
and kerbing are produced from these quarries in large quantities, and are 
much used in the principal cities of Scotland and in many parts of England. 
Boad metal of this material, however, is used only to a limited extent, and 
tiiat generally in the vicinity of the quarries mentioned. At times, however, 
a considerable demand exists for the better qualities of granite-macadam in 
some of the large towns within reasonable distance of the source of supply. 
Most of the counties are well supplied with suitable rock for producing road 
metal, such as basalt and whinstone, and the majority of the quarries are 
worked under the direct control of the County Councils. Previous to 1892, 
uider the Eoad Trustees a similar arrangement existed, and was, until 
recent years, worked on the contract system at an inclusive price per cubic 
yard. Of late years, however, every effort has been made in many counties 
to secure the utmost economy by the authorities working their own rock- 
drills, and by the surveyors personally superintending the quarrying opera- 
tions in their respective districts and counties. 

151. In Ireland granite is largely quarried in the counties of Armagh, 
Down, and Wicklow, while basalt and whinstone are readily obtained and 
largely made use of for road purposes in the counties of Antrim, Donegal, 
Down, Londonderry, and Tyrone, limestone forming one-half of the material 
used for macadam. 

152. As bearing on the subject of supply and demand for cheap and 
durable materials for macadamizing roads and paving streets, it seems strange 
that, with an abundant supply of suitable rock for the purpose, this country, 
especially the counties on the south and east coasts, is threatened with com- 
petition of a permanent nature for supplying these materials from France, 
Belgium, and Norway. As a matter of fact, there are annually imported into 
this country large quantities of Belgian and Norwegian macadam and paving 
setts, which, no doubt, are of good quality, while the price per cubic yard or ton 
is considerably less than for similar material from Mount Sorrel and the other 
quarries in Leicestershire. The effect of railway carriage on the price of these 
materials seriously threatens the stone industry of certain counties in this 
country, and any means by which the cost of land-carriage can be lessened, and 
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the working expenses redaced in the production of paving setts, and macadam 
for making and maintaining roads, should be carefully studied. Therefore, 
any expedient by which retrenchment, however small, is possible, should be 
practised by the judicious employment of modem plant and machinery for 
manipulating and transporting the material, and, no doubt, would result in 
large sums of money being saved. 

It is estimated that 2^ million tons of material are used annually for road 
stone and paving in these islands; the cost of the quarried rock alone 
amounts to about £130,000 ; while the value of the finished material is over 
half a million sterling. 



CHAPTER V. 



QUARRYING. 



153. In the preceding chapter the quality of the rock necessary for pre- 
paring road metalling and paving setts has been explained. The methods 
of procuring or quarrying the material will now be described, while the cost 
of the operations, depending on many considerations, will be entered into 
in detail. 

The igneous rocks are found in irregular masses and dykes, having 
innumerable 'backs,' or natural veins and fissures, interspersed through 
the mass, which facilitate its detachment from the parent rock ; these rock 
masses exist to a depth practically limitless. 

154. Opening New Quarries; Drainage; Gravitation. — In opening a 
new quarry the rock mass should be carefully examined with a view to taking 
advantage of the inclination of the bed joints, which, for economical quarry- 
ing, should dip towards the working face. The draini^e of a quarry is also 
of great importance, and the floor level should, when practicable, be 
arranged so that the water can be drained from the working face by 
gravitation. The depth of the ' tirr ' or overburden to be removed enters 
largely into the question of selection, and the amount of stripping necessary 
for a certain depth of rock face will in most cases determine the site of 
a quarry. When the overburden is deep, or forms a large proportion to 
the actual quantity of rock quarried, the cost of winning the stone will be 
correspondingly high. Gravitation, besides affording drainage facilities, 
assists to a considerable extent the process of quarrying and the removal 
of the material to the respective points at which it is to be treated, such 
as dressing-sheds and stone-breaking machines. By this means un- 
necessary handling is avoided, and economy promoted in carrying on the 
operations. 

It is sometimes necessary, in order to secure the best quality of rock, as 

well as to limit the extent of the ground occupied, and also to economize 

stripping, for a quarry to be worked to a considerable depth below the 

natural surface. This at times may entail an expenditure for pumping 

water, in order to keep the floor of the quarry dry, while the lifting or 

H 
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removal of the uarried material by mechauical means in the form of 
cranes and atrial cableways becomes necessary. 

155. Tirring or Stripping. — The tirring or stripping may be removed 
as necessity arises, or, as in the case inhere the quarries are worked under 
County Councils directly, it may be accomplished by the roadmen during 
frost when their services can be spared tvom the ordinary road work. 

The earth removed should be deposited at a point not likely to interfera 
with the future working of the quarry. Attention to this matter will save 
a considerable amount of trouble and unnecessary expense in lifting it again 
at some other time. The overburden, when of a tenacious nature, or when 
it is frozen, may be advantageously broken up by sinking a few holes 
from 2 to 5 feet in depth, and charging them with some high-grade 
explosive ; on this being exploded the ground will be sufficiently broken 
up to ensure its easy removal. 

156. The simplest form of quarrying is that by which the material can 
be removed from the parent mass by picks, wedges, and levers. This is, 
however, only possible in certain quarries, which are by no means numerous, 
and recourse must usually be had to drilling and blasting. 

157. Hand-drilling or Boring.— The boring or drilling of holes by 
manual labour, or, as it is termed, Ivand-drUling^ is generally effected by 
either single or double-hand operations. The jumpers, or boring-tools, are 
for the most part now made from cast steel bars of octagonal section, 
supplanting those formerly in use made from round iron bars with steeled 
cutting edges. The cutting edge of the tool may vary in width from 1 to 4 
inches, the stocks being of a somewhat less diameter, so as to enable the tool 
to free itself readily in the bore-hole ; this also avoids the introduction of any 
unnecessary weight into the jumpers. 

158. For instance, a boring-tool having a cutting edge of 1 inch in 
width is made from a steel bar f ths of an inch in diameter, while ^inch bars 
are selected to make a boring-tool with 1^-inch cutting edge, and so on in a 
similar proportion to tools or jumpers for boring a 2 J- or 3-inch hole, which 
are manufactured from bars of If inch in diameter. The cutting edge of the 
tool may be made straight or slightly curved for hand-boring; the straight 
cutting edge, although working more freely than those of the curved form, 
are somewhat weaker at the corners, and consequently liable to fracture. 

159. Hand-drills and Jumpers. — The straight and curved cutting edges 
are shown in figs. 47 and 4S, while fig. 49 represents a section of the chisel 
point, the sides of which should not form a greater angle than 70 degrees. 

The steel bars from which boring-tools are made are generally cut 
into varying lengths as may be desired ; the tools for boring holes of the 
smallest diameter are from 18 to 20 inches long, while those for boring 
holes of greater diameter may vary from 42 inches up to 6 or 7 feet in 
length. A blow given to a jumper is more effective the shorter the bar, 
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heuoe it is a common practice to make use of a number of tools, each 
aucceeding one being somewhat longer, nfaile at the same time the cutting 
edge is alightl; reduced in width. The actual diameter of the hole drilled 
is somewhat greater than that of the drill-bit. 

The striking face of the steel or stock shonld be flat, and in the larger 
sizes the diameter of the head is made lees than that of the stock. 

160. Hardening and Tempering Hand-drilla. — The forging and harden- 
ing of boring or drill-bits are operations requiring much skill on the part 



F108. 17-49.— Boring-tooU, 
of the smith, so as to avoid the cutting edge and lower porliuD of the 
stock being ' burnt,' or the formation of ' water cracks ' ; and in tempering 
it is advisable, in order to obtain the best results, to let down the steel to 
a bright straw yellow. 

161. Hammers and Sledges. — Hammers or sledges of cast steel are made 
of varying weights, according to whether the drilling is to be performed 
by the single-hand or the double-hand method. These vary considerably 
in shape according to the ideas and customs of the workmen in the different 
localities where qnarrying operations are carried on. The weight of hammers 
for single-hand boring is generally about 4^ lbs., and as the expression 
implies, one man in a sitting position performs the whole operation by 
manipulating both tool and hammer. For double-hand drilling the sledge 
may be as heavy as 10 lbs., the shaft or helve, generally 30 inches long, 
being made of a wood having some elasticity, such as hickory, young oak, or 
acacia ; ash is also much used for the shafts or handles of quarry tools. 

162. Starting a Bore-hole. Single- at Donble-hond Drilling. — The 
first step necessary in commencing drilling, after the tining or stripping 
baa been accomplished, is to fix the position of the bore-hole for blasting in 
the most advantageous manner, regard being had to the natural veins and 
fissures of the rock as a means of facilitating ite detachment from the 
p&reut mass. It is necessary to remove any loose pieces of rock and 
prepare the surface by chipping, so that it may be nearly at right angles 
to the direction of the intended bore-hole. Double-hand drilling is some- 
times performed by two men ; one, sitting on tbe rock, guides and turns the 
jomper with one band, and strikes, by means of a light hammer, alternate 
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blows, the other blows beiug delivered by a second man using a heavy 
hammer or sledge. The usual, and at the same time most satisfactory method, 
is for three men to do the work. One man takes up a sitting position and 
holds the drill vertically between his knees, keeping it in proper position, 
and turning it partly round, while the other two men strike the head of the 
boring-bar with sledges, lightly at first, and increasing the force of the 
blow after the bit has fairly entered the rock. The degree of turn necessary 
to be given in drilling is one-eighth of a revolution, which prevents the 
cutting edge falling twice in the same place ; by this means the greatest 
amount of work is accomplished, and a circular form of bore-hole is ensured. 

By using water in the bore-hole the drilling is greatly facilitated, the 
time being reduced by one-third ; it also keeps the cutting edge cool, and 
converts the dust and chippings in the bottom of the hole into sludge, which 
piust be cleaned out by means of a * scraper' from time to time as it 
accumulates. In very hard rock a drill may have to be changed frequently, 
which necessitates the use of several of about the same length; and 
these should always be in good order and near at hand. The depth to 
which the bore-holes are drilled by the double-hand method is generally 
from 5 to 6 feet, sometimes 8 feet ; for greater depths up to 10 feet chum- 
drilling is resorted to when the nature of the rock admits of this being done. 

163. Ghum-drilliBg.— The drilling-bar or steel for this method of boring 
has a cutting edge of different width at either end of the stock, the blow 
given to the rock being obtained by the direct impact of the falling drill, 
which is raised by two men to a height of about one foot, and then allowed 
to drop. In long boring-tools a sufficient weight for the purpose is generally 



Fig. 50. — Long borlDg-tool. 

contained in the steel stock, but additional weight may be obtained if 
necessary by having a bead or swelling fixed on the stock between, but at 
unequal distances from, the extremities, as shown in fig. 50. 

164. The water which is poured into the bore-hole to facilitate the 
penetration of the bit into the rock is prevented from splashing about, 
particularly in shallow holes, by placing a perforated leather or india-rubber 
washer on the shank of the drill at the surface level of the rock. This 
object may also be accomplished by winding straw round the steel, which 
should be fixed as in the case of the washer. 

The sludge formed during the process of drilling must be removed from 
time to time as the depth of the bore-hole advances, since the oftener this is 
done the greater will be the amount of drilling performed in a given time. The 
rock being exposed to the action of the cutting edge of the tool and the full 
effect of the blows transmitted to it by the jumper, will not be cushioned, as 
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it would be in the case where the sludge is lying between the bottom of the 
hole and the edge of the boring-tool. The cleaning out of the bore-holes, 
when not too deep, is effected by a simple tool called a scraper, which 
consists of a rod of iron varying from ^ to | inch in thickness, and of a 
sufficient length to reach the bottom of the holes. It is provided with a disc 
attached at each end of the rod of different diameter, so as to make it suitable 
for the various sizes of holes bored. Instead of liaving discs at either end, 
one of these is sometimes formed with a spiral hook or drag-twist, which is 
very useful, as, by attaching a wisp of hay to it, the bore-hole can be 
thoroughly wiped dry previous to charging. 

165. In the event of the shank of a drilling-tool or jumper being broken 
by some cause or other while boring operations are in progress, the portion 
left in the bore-hole may be recovered by various means. The simplest 
way of accomplishing this is to guide a running noose of cord by the aid 
of a second drill on to the broken one, and pull the noose tight, when the 
portion of the drilling-steel left in the bore-hole can be drawn out. Tongs 
having an arrangement attached for tightening the legs so as to grip the 
steel firmly are also sometimes employed for this purpose; while another 
instrument called a heche, made of iron, and having a hole at the lower 
end of a slightly conical shape, which fits on to the top of the broken steel, 
is at times made use of for the same purpose. 

166. If, as often happens in many quarries from which road material is 
taken, water finds its way through fissures into the bore-hole, it becomes 
necessary to line it with clay when the explosive agent employed is blasting 
powder. 

This is performed by putting the clay into the bore-hole in a plastic 
state, inserting an iron tool slightly less in diameter than the hole, and 
pointed at one end, called a hriU, and by repeated blows forcing the clay 
into the joints and crevices of the rock. This instrument, which at one 
time formed an important part in a set of ' blasting gear,' has now become 
of less importance by the introduction of waterproof cartridges containing 
gunpowder, and the nitro-glycerine and gelatinous compounds, which are 
now much used in blasting operations. 

167. Amount of Work accomplished by Hand-boring or Manual 
Labour. — ^The amount of drilling or the depth of holes which can be accom- 
plished in one day will greatly depend on the hardness of the rock and the 
size of the drilling-tool used. Joints and fissures when lying at an angle to 
the direction of the bore-hole give considerable trouble, and much time is 
consequently lost, reducing the amount of work below what could otherwise 
be accomplished under more favourable circumstances. For this reason it is 
advisable to select the best possible position for the bore-hole, while at the 
same time due consideration must be given to its position and direction in 
relation to the portion of rock which is to be dislodged from the parent mass. 
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The amount of drilling which can be accomplished by hand, in the 
different classes of rock used for road purposes, varies considerably according 
to circumstances. 

The method of calculating and stating the actual amount of drilling per- 
formed will be given in cylindrical inches, which is particularly applicable to 
open quarry work. This system of computing the amount of work done will 
also be adopted in determining that performed by machine rock drills, which 
will be described later on. The cylindrical inch has a relative value, and the 
use of the term is preferable when making a comparison of the amount of 
work done and the cost of the operation, than by simply stating the number of 
inches or feet in depth drilled each day. Under the latter circumstances no 
comparison is possible, as the width of the bit or size of the bore-hole may 
vary considerably according to the depth drilled, while the length of the 
working day is at times a variable factor in quarrying operations. 

Therefore, by adopting this numerical figure as a standard for the 
amount of work performed in a given time, a comparison can be more 
readily arrived at between drilling by manual labour on the one hand, and 
that accomplished by a machine rock drill on the other, while the drilling 
capacity of the different types of the latter can also, by this means, be easily 
ascertained. 

In Table XYIII. the average amount of work performed by hand drilling 
is stated in accordance with the preceding particulars. As the length of a 
day, however, is a somewhat vague definition of time, more especially when 
the working hours are interfered with by stress of weather, or shortened 
during the winter months, the hour is adopted from which a day's work of 
any specified number of hours can be calculated. The figures are taken 
from the results of actual experience under varying conditions, time being 
allowed for cleaning out holes and resting. 



Table XVIII. 

Rock Drilling by hand : one man manipulating the dnll, two men 
striking tcith sledges. Bore holes vertical dotonwards. 



In granite, 

„ basalt, 

,. whiustonCy 

,, limestone (mountain), 



Cylindrical Inches. 



Per Hour. 7 Hours Day. 10 Hours Day. 



No. 1. 



16 
19 
21 
28 



No. 2. 



1]2 
133 
147 
196 



No. 8. 

160 
J 90 
210 
2S0 
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The depth of a bore-hole in inches, drilled in an hour's time, can be found 
by dividing the figures given in column No. 1 by the diameter in inches of 
the drilling-bit nsed. For horizontal or breast-holes the amount stated in 
Table XYIII. will be less by about 30 per cent. It should also be men- 
tioned that the figures in the table are calculated for bits capable of drilling 
a bore-hole of an average diameter of 1^ inch ; for shallow bore-holes of a less 
diameter, and which are at times required, the amount will be slightly in 
excess of the figures given. 

1G8. Cost of Hand-boring. — To arrive at the cost of drilling per foot of 
depth with drills of varying diameters the cost of labour and incidental 
expenses require to be determined. Taking the average wages at 3s. 8d. for 
each man per day of nine hours, and allowing 2d. per foot of depth for 
sharpening the bits on the harder rocks, loss of weight in steel, repairs to 
hammers and sledges, etc., amounting to say Is., 128. will be the total cost 
for each day's work of one squad of drillers. 

The cost of drilling one foot in depth with bits of different sizes, taking 
12s. as the actual cost per day of nine hours, or rather over Is. 4d. per 
hour, is shown in the following table, which may be taken as a broad 
average. 

Tablb XIX. 

ComparcUive Statement of the cost of drilling by hand per foot 
in depth with drilling-bits of varying sizes. 



1 


Diameter of Bore-holes in Inches (average). 




li in. 


1| in. 2 in. 


21 in. 


Sin. 


Grftiiite, cost per foot, 
Baaalt, 

Whinstone, „ 
Limestone, ,, 


8, d, 
1 6 
1 8 
1 2 
lOJ 


8, d, j 8. d, 
19 2 
16 18 
14 16 
10 1 2i 


8. d. 
2 6 
2 1 
1 11 
1 6 


8. d. 
8 
2 6 
2 8 
1 9i 



Should the total wages per day be more or less than that mentioned, 
then the figures in the table must be correspondingly increased or reduced, 
on the assumption that the same amount of work is performed. 

When the nature of the rock permits of the bore-holes being put in by 
means of a chum-drill, the cost per foot, after the first 18 or 24 inches, can, 
by this method of diilling, be accomplished for about 20 to 25 per cent, less 
than the cost per foot stated in the table above. 

169. The remarkable advance made in recent years in the construction 
of mechanical rock drills Lb such that the practice of hand-boring, the only 
method of former days, has been to a great extent superseded. 
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The practical advantages accruing from the use of rock-drilling machines 
in quarrying operations are decidedly great, while the rate of progress made 
possible by their use has been the means of reducing the cost of production, 
and greatly extending work in connection with the stone industry. 

This applies very particularly to the quarrying of material for macadam- 
izing purposes ; and the substitution of mechanical power for hand labour 
in accomplishing this has been very marked in recent years, while the 
economy effected by its use enables the quantity of material for repairs 
amounting to double that possible by hand-boring to be procured for the 
same expenditure. In other words, the economy effected, on any quantity 
of material quarried, is 50 per cent, by machine over what can be accom- 
plished by hand-drilling and the attendant expenses of blasting. 

Machine rock drills are applied in a variety of ways, according to the 
work required of them ; the arrangement with a tripod for its support will 
alone be described, as it is the only form employed in boring rock from 
which the material for making and repairing roads and streets is obtained. 

Machine rock drills are actuated in the same way as the drills used in 
hand drilling, namely, by a succession of blows given to a chisel-pointed 
tool which is partially turned round between each blow as already described, 
and known as percussive boring. 

170. Hand-power Drilling Machines.— Hand-power drilling machines 
have been employed to a limited extent ; they are operated by two or three 
men turning a handle and flywheel conveying to the mechanism the neces- 
sary power to cause the drilling-bit t-o strike two or three blows on the rock 
for each turn of the handle. In this class of machine the force of the blow 
is limited, while a considerable amount of power is absorbed by the machine 
itself through the friction of its working parts. As a machine does not 
create power, a hand-power boring machine must be lacking in efficiency and 
economy. Although machines of this particular class have not attained a 
high reputation, still they may be regarded as the first step in the transition 
from hand to machine drilling. There can be no doubt that the Sommeiller 
drilling machine used for piercing the rock during the construction of the 
Mont Cenis Tunnel is the prototype of the rock drills now in use. 

171. Different Types and Bequirements of a Bock-drilling Mi^>^m<^ 
— The numerous types of machine rock drills in use at the present time vary 
in many particulars, but chiefly in the details of construction rather than in 
the principle on which they work. Durability is of great importance in a 
rock drill ; any defect in the principle of the mechanism or construction of 
the parts subjected to considerable strain materially affects the working 
expenses. The weight should be reduced where not necessary for efliciency 
and the fitting of the working parts, an important element which may, 
if not properly designed and manufactured, involve the outlay of consider- 
able expenditure for repairs. Great strength in certain parts of rock drills 
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is essential, considering the rough usage they are sometimes subjected to, 
while lightness for the sake of portability has also to be considered. 

The requirements of a good machine rock drill are given concisely by 
Andr^ in his work on Goal Mining^ and are as follows : — 

1. A machine rock drill should be simple in construction, and strong in 

every part. 

2. It should consist of few parts, and especially of few working parts. 

3. It should be as light in weight as cian be made consistent with the first 

condition. 

4. It should occupy but little space. 

5. The striking part should be relatively of great weight, and should 

strike the rock directly. 

6. No other part than the piston should be exposed to violent shocks. 

7. The piston should be capable of working with a variable length of 

stroke. 

8. The sudden removal of the resistance should not be liable to cause 

any injury to any part. 

9. The rotary motion of the drill should take place automatically. 

10. The feed, if automatic, should be regulated by the advance of the 
piston as the cutting advances. 

172. Tappet Drills. — From these exacting and admittedly necessary 
requirements it is evident that the movement of a valve actuated by a tappet 
situated in the cylinder of a drill does not conform with these rules, since 
two parts are subjected to violent shocks, namely, the piston and the tappet ; 
moreover, the latter is liable to abnormal wear. Another defect which is 
invariably present in rock drills having a tappet-actuated valve motion is that 
the blow is struck on a cushion of air or steam. No doubt this may occur 
only to a limited extent if the drill operator is capable of judging the actual 
length of stroke, a qualification rarely met with in practice ; while, on the con- 
trary, there must be considerable cushioning. When this is the case the 
drill is expending the motive power on itself instead of on the rock. 
Tappets, especially those made of the double form, are liable to failure 
through fracture or displacement; it is therefore undesirable to use drills 
conatructed on this principle at u high piston speed, and consequently they 
are not 8|)eedy cutters. 

The tappet drill, however, has a slight advantage over drills with steam- 
thrown valves, especially when the steam is wet, or where by accident any 
foreign matter gains access to the working parts, the large openings in this 
class of drilling machines being capable of discharging these without injury 
to the valve. 

With the inherent defects described, it is evident that the tappet drill 
cannot be classified as a perfect working machine. 

178. Bock DrUls with Steam-thrown Valves. — ^Those machines which 
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have steam-thrown valves with a poutive action present the best form of 
construction, as only one part, and that part the piston, is subjected to violent 
shocks. Most of the earlier types of rock drills and a large number at 
present in use are distinguished by having a tappet-actuated valve, and, as 
might have been expected, the improvement in the valves of rock-drilling 
machines has tended in the direction of steam or air-thrown valves. Many 
other important features necessary to their efficient working will be noticed 
later on. 

174. Some Types of Drills used in this country. — For obvious reasons 
it would be impossible to attempt a description of the numerous forms of 
rock drills constructed and made use of in this and other countries, although 
many, no doubt, possess points of considerable merit. Of those which have 
been in favour for some years past, the following may be mentioned : the 
* Ingersoll - Sergeant,' the 'Hirnant' (Larmuth's), *Schrams,' and 'Rio 
Tinto.' 

The first two are those most extensively employed in this country, the 
former, in particular, being used by quarry owners and County Councils, 
while the latter has, in the past, been greatly used by contractors in connec- 
tion with public works. 

175. ' IngersoU-Sergeant ' Eock DrilL — The 'lugersoU-Sergeant' rock 
drill with auxiliary valve is a development of the * IngersoU ' and the ' luger- 
soU Eclipse ' drills, and has been designed for boring hard rock. The general 
construction and working parts are shown in longitudinal section in fig. 51. 
The main valve a is made of one piece in the form of a small double piston 
with two wide annular grooves turned in it to admit the steam or compressed 
air to and from the main cylinder b. The travel is produced by moans of 
an auxiliary valve c, acting as a trigger to the main valve, but entirely 
independent of it. It opens or closes the steam or air passages, thereby 
releasing the pressure from one end or the other of the main valve. The 
auxiliary valve moves on an arc of a circle through contact with the piston 
d, operating tangentially, and which has a wide annular recess e, in the 
mitldle of its length, with inclined planes at either end, forming a shoulder. 
The valves are held in such a position that, while the piston carrying the 
cutting tool is moved towards the rock, the exhaust remains open at one 
end, the full pressure acting on the other end until the blow is struck, at 
which time, and then only, the main valve is immediately reversed. By the 
combination of the spool valve with an auxiliary valve, working in direct 
contact with the piston, a positive motion is obtained, which ensures the full 
force of the blow being delivered on the rock, or, as it is termed, a dead 
blow. This is a special feature of the ' IngersoU-Sergeant ' machine, and gives 
a distinct advantage compared with those drills which strike a cushion of 
steam or air in the front of the cylinder and the rock simultaneously, neces- 
sarily reducing the cutting power of the drill considerably. 



The variable piston stroke, so eseen- 
tial in starting bore- holes, and when the 
bit is workiDg through seamy rock lying 
at a considerable angle to the directioQ 
of the bore-hole, is obtained by simply 
turning the crank and feeding the 
machine towards the rock. This is of 
great importance, aa by feeding the 
dritl-bit up to within an inch of the rock 
a hole can be started with great ease, 
and in one-half the time occupied by 
a rock drill working on a full stroke. 
It may also be obGerred that in rock- 
drilling machines which have not a 

variable stroke, the bit is liable to have '§ 

the comers broken by reason of the t 

long stroke when striking on a slant- -^ 

ing face. When this does not occur ^ 

the bore-holes which are commenced S 

under these conditions with a glancing J 

blow, invariably drill a hole out of line ^ 

with the machine, necessitating in most 'o 

cases its being altered to coincide with § 

the changed position of the intended 
bore-hole. 

The liability of a drill-hit to stick | 

or become Jammed when passing throngh ^ 

fiasnred rock presents itself in a greater | 

or less degree in most qaarries from S 

which rock is obtained for road pur- S 

poses. It is essential, therefore, that n 
drill should be capable of exerting suffi- 
cient power to loosen or withdraw the 
bit easily. This is provided for in the 
' I age rsoll- Sergeant' drill by a sufficient 
auutiiar space affording the necessary 
area for pressure on the front end of 
the cylinder, by which means it is 
capable of not only making the return 
stroke, but of lifting or recovering the 
drill-bit from broken, crooked, or muddy 
bore-boles. The piston, besides being 
made of steel and hardened, fits plug- 
like in the cylinder, and is provided 
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ivith pistOD rings made in two pieces with an elliptical spring underneath 
to keep them tight to the bore of the cylinder, thus preventing leakage 
past the piston. 

The means employed to give a rotary motion to the drill-bit on its return 
stroke is shown at / and g^ fig. 51, and in detail at fig. 52, and consists of 
a rifle or spiral bar /, having deep-cut grooves working through a brass nut 
/^ screwed firmly into the end of the piston, and fitted at the back head end 
with a ratchet wheel g with internal teeth. Two pawls, g\ press against the 

ratchet teeth, and are kept in position by spiral 
springs having a straight line movement. It will 
be observed that the piston carrying the drill-bit 
assumes by this arrangement a new position after 
each stroke. 
^^* The drill-bit in striking an uneven surface has 

at times a tendency to turn the steel or shank iu an opposite direction to 
that in which it should rotate. The liability to this in a drill with a rigid 
rotating mechanism may cause the spiral bar to become twisted and the 
ratchet teeth and pawls to break. In the ' Ingersoll-Sergeant ' drill the 
efiect of such a contingency is obviated by a release movement, brought 
about by the washer at the back head being simply turned round, thus 
overcoming the frictiou caused by the pressure of the back head springs. 
This device is undoubtedly an ingenious piece of mechanism, and being 
of decided efficiency, is not liable to injury, an all-important matter during 
driUing operations. 

It often occurs in drilling rock that the bit, in passing through seams, 
encoanters a soft part which causes it to penetrate suddenly, or advance 
rapidly, the result being that the piston strikes the front head of the drill. 
To obviate any possibility of damage through this cause two steel springs 
(n, fig. 51) are placed on the back head and connected with the front head 
by means of side bolts, thus cushioning the blow resulting from the drill 
operator neglecting to feed the machine properly. 

This is at once a simple and thoroughly efficient method of preventing 
the breaking of the cylinder covers, and much preferable to and less 
expensive than the device geuemlly adopted on many rock drills, where 
india-rubber buffers or cushions are made use of. 

The manner of fixing the drill-bit steels is a matter of considerable 
moment, when it is considered that they have to be changed repeatedly 
during the progress of a deep bore-hole. The forward or feed motion of the 
drill described is 24 inches, necessitating the use of drill steels advancing in 
length by 2 feet. It will be obvious that should the time occupied in 
changing the steels be great, the time actually engaged in drilling by the 
machine will be correspondingly reduced. 

It is therefore very desirable that the changing of the steels should 
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occupy as short a time as possible ; hence the mode of fixing thein should be 
simple ; but as the vibration of the machine when at work and the strain on 
the drilling-steel is necessarily great, it is quite as important that the steel 
should be firmly fixed. The means of attachment is effected by inserting 
the end of the steel into a socket 5^ inches deep and 1 ^ inch diameter in the 
chuck end of piston, which is swelled out for this purpose. The arrangement 
of the chuck h is shown at figs. 53 and 54. The piston bushing is slotted, a 
round key h} fits into the slot and presses against the shank of the drill 
steel h\ and the whole is held firm by a U-shaped bolt h^. It is easily 
managed, while little time is 
necessary for loosening the two 
nuts, and for substituting one 
steel in place of another. 

The forward movement is 
given by the feed screw *, 
which has a large square 
thread, working through a feed 
nut t^, and having a binding 
nnt t^ in the cross-heads of the 
cradle /, by turning the crank ^^°^- ^^* ^^' 

handle Ar. The guides of the cradle are made square and of suitable dimen- 
sions ; provision is also made for enabling any side play or slackness arising 
from wear being properly adjusted. 

The machine is fixed on to the mounting or tripod by means of the 
conical spigot I, which is cast on the under side of the cradle. 

The oiling of the valves and piston is provided for by an oil cup, placed 
between the throttle and steam-chest, the lubricant, preferably a heavy 
mineral cylinder oil, being thrown into the working parts in small quantities 
when necessary. 

A small aperture with thumb-screw m at the back head provides for the 
oiling of the rotating mechanism. 

From the preceding observations it will be readily understood that in 
a rock drill the positive valve motion, variable stroke, and effective rotation 
mechanism t^nd to give it efficiency in working and to promote economy 
in repairs. The ' Ingersoll-Sergeant ' drill, according to Andre, fulfils in a 
remarkable degree the necessary conditions already alluded to, and it may 
therefore be looked upon as a nearly perfect rock drill. It is very compact, 
lightness and strength being a characteristic feature in its construction. 
These rock drills are made in various sizes, according to the nature of the 
quarry operations undertaken; the drill with a cylinder of 3^ inches in 
diameter is a very serviceable machine and can be easily handled, as its 
weight is only about 2^ cwts. ; the tripod weighs 1^ cwts.^ and each weight 
for the tripod, I cwt. 
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Bore-holes 14- to 16 deep can be drilled by this size of machine easily. 
It is the kind used in many stone quarries, and by the County Councils 
in Scotland. A machine for drilling deeper holes is also used in sale 
quarries, the cylinder of which is 3^ iuches in diameter. This latter machine 
weighs 260 lbs. without the tripod, and can easily bore holes 20 to 25 fe^t 
deep, which in some quarries is a decided advantage. 

176. ' Himant ' BrilL — The other rock drill to be described is known as 
Larmuth's or the ' Himant ' drill, a longitudinal section of which is shown 
in fig. 55. 

The leading feature of this drill is, that the valve is actuated by a 
tappet rocking on a pivot, which works in contact with the piston. The 
valve box, which, in the earlier type of this machine, was made veiy long, 
has one of three arms of the tappet fitting into a recess in the valve spindle 
which carries the D-shaped valves. This arrangement, however, proved 
defective, owing to the breaking of the valve spindle by the sudden shock 
which it was subjected to when at actual work. 

A shorter valve box is now substituted, the spindle dispensed -with, 
and a solid piston valve a used in its place, obviating the defect existing 
in the former drill. The tappet c is, however, retained to ensure cer- 
tainty of action and to lock the valve in position. 

The piston d is turned to fit the cylinder b exactly, neither piston 
rings nor packing being made use of. The wearing of the piston and 
cylinder must in time admit of steam or compressed air leaking between 
them, but this does not materially aifect the working parts, although its 
efficiency generally must necessarily be impaired. India-rubber bufiers, n, 
are employed at either end of the cylinder to destroy the momentum of 
the piston in case of overshooting. When compressed air is the motive 
power employed to work this class of drill, these bufiers wear quickly by 
being acted upon by the oil used in lubricating the cylinder, and when steam 
is used to operate it, the combined action of these destructive ageuts weais 
out the buffers quickly, and necessitates frequent renewals. 

The action of a tappet-actuated valve, as already pointed oat, must to 
a certain extent strike a cushioned blow, thereby expending a consider- 
able amount of the force on the machine itself, instead of striking the rock 
directly. For the same reason, in a tappet drill a variable stroke can only 
be obtained by working on a cushion of air or of steam. 

The rotary motion in the older type of this drill was obtained by means 
of a twisted square bar; this arrangement, however, not proving quite 
satisfactory, a grooved or spiral bar / has been substituted. This works 
through a nut in the back head of the drill, turning the cutting tool round 
at each stroke, and is secured by means of a ratchet and pawl g. 

The feed or forward motion is provided for by a long screw, t, having 
a square thread passing through nuts t^, and supplied with an arrange- 
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meut for taking np the wear. The method 

of fixing the cutting tool or steel to the 

lover end of piston was attained in the 

earlier machinea by means of a bolt pa^is- 

ing through the chnck in which the 

shank of the bit was inserted, and likewise 

through the steel itself, being tightened by 

a nut as shown at h in fig. 5!J. A new 

method of securing the drilling-bit is made 

by forming the shank with a taper and 

tilting this into a conical recess in the 

chuck end of piston, wedge fashion, as 

represented in fig. S6. This arrangement, 

however, is uot satisfactory when drilling 

in seamy rock, as the steel works loose on 

being hammered, a process which is neces- 5 

sary under these circumstances. Ij 

The 'Hirnont' drill is constructed in a 
very solid manner, the object of the makers 
being steady and permanent work. It is 
not a fast boring machine in largo or deep 
holes, and, generally speaking, requires few 
repairs. Very good work can be accom- 
pliohed with this machine, providing the 
drill-runner exercises skill and intelligence 
so as to utilizo the full power of the 
machine; if he works with a reduced 
stroke on a cushion of steam or of com- 
pressed air, he is simply spending power in 
pounding the drill itself instead of apply- 
ing it against the rock to be bomd. 

The force of the blow in a tappet drill 
is materially checked by the too early 
admission of the steam or compressed air, 
which forms a cushion In front of the 
piston ; the work accomplished will there- 
fore he small in proportion to the power 
consumed, although the piston msy be 
travelling at a great speed, 

Oreat«r skill is required for operating 
a 'Himant' drill than is necessary for 
working one on the 'lugersoll-Sergeant' 
principle. There can be no question that 
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the reanlta claimed for the ' Hirnaut' machioe have beeu attained, bnt the 

fact undoubtedly remains tliat cock drills which have a tappet action strike 

a blow on a cushion of sir or steam, and, therefore, cannot deliver a dead 

blow. Further, a cylinder of larger size In proportion to the width of bit 

is required for drilling the bore-hole, or if it be of the same sixe, the cut^g 

capacity must necessarily be reduced. The 'Uiniant' drill, 

notwithstanding the defects common to all drills of the tappet 

type, has been largely used by contractors in this country tor 

tunnelling and other public works. 

177. Compound Bock BrillB. — The principle of expanrion 
has been introduced for the purpose of further economizing the 
motive power in rock drills, but hitherto without much tntxeea. 
The difficulty has been the greatly increased size and con^e- 
queutly heavier machine necessary, which counterbalances the 
advantages which lightness gives for quick and easy handling. 
What may be gained in economy of power by compoanding 
is lost in the time occupied In moving the heavier machine 
from one bore-hole to another. In addition to this the 
expanded steam frequently has insufficient power to with- 
draw the drill steel from a bore-hole, in seamy rock, without 
admitting live steam, thereby counteracting the benefit derived from 
compounding. 

178. Tripods. — The support or mounting to which a rock drill is 
attached for the system of quarrying under review is that of a tripod, 
which constitutes a very important adjunct to the machine. For many 
reasons it must be of light weight for convenience in hsndlin^r, and of 
strong construction, so that great rigidity may be attained. A point 
of the utmost importance is that it should admit of the drill being readily 
adjusted to any angle so that the holes may be bored in the direction 
and with the inclination required, and when so fixed permits of the feed 
or forward movement taking place. 

It 19 also necessary that the tripod should be constructed so as to admit 
of its ready adjustment to the irregularities of the surface of the rock met 
with in quarry work. A drill support which does not possess these dis- 
tinctive requirements is placed at a great disadvantage, and under certain 
cironmstances may necessitate the employment of hand-boring to supple- 
ment the work done by the machine drill. It is obvious that a rock drill 
and mounting which cannot be so placed as to accommodate itself to the 
extreme irregularities of rock surfaces is placed at a disadvantage, and 
would under such circumstances be restricted in its operations as a labour- 
saving machine. 

A rock drill may have a perfect valve motion, and be otherwise of 
good design, but may fail to do efficient work by reason of the defective 
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construction of the tripod, which incompleteness constitutes in many cases 
a serious objection to the adoption of a rock-drilling machine. 

The form of tripod used in connection with the ^ IngersoU-Sergeant ' 
drill is shown in fig. 57. 

The saddle bolt which carries the hip rings 'p and to which the 
legs are attached ties the whole appliance together, and by loosening it 
the legs of the tripod can be thrown into any position, at right angles 
to the bolt. The front legs q are further provided with a bolt r (attached 
to the hip ring), the loosening of which enables the position of the legs to 
be altered from that of a right angle to a parallel position in relation to 





Fio. 67. — Tripod for •IngersoU- 
Sergeant ' drill. 



Fig. 68.— Tripod for 'Hirnant' 
drill. 



the saddle bolt. The front legs q and back leg t;, consisting of tubing, are 
pointed at the lower end ; they are made telescopic and are provided with 
bands and set screws «, so that the legs can be adjusted to the irregularities 
of the rock surface. 

When the machine is working the tripod should be perfectly rigid, 
for which purpose weights t are attached and kept in position by weight 
hangers u fixed to the legs at an angle as shown in fig. 57. 

The arrangement of the tripod in connection with the ' Himant ' drill, 
fig. 58, and indeed with most of the other types of rock drills used, is 
somewhat similar to that described, but the front legs q have only one 
movement, namely, at right angles to the saddle bolt 0. In addition to 
this the use of slides and bolts greatly complicates and, at the same time, 
weakens the tripod, and naturally makes it non-efiicient. By having an 
arrangement similar to that of the tripod for the * IngersoU-Sergeant' drill, 
and known as the universal joint, the drill can be so placed as to drill holes 

I 
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in the most advantageous position for blasting, not attainable by other drills 
of which the tripods have only one movement. 

The weight of the ' Himant ' drill and tripod described is 3 cwts., and 
the three weights about 1 cwt. each. The cylinder is 3^ inches in diameter, 
and can bore holes 10 to 12 feet deep, the width of drill-bit or size of bore- 
hole at commencement being 2^ inches. 

179. Drill-bits. — The width of the cutting edge, the form given to a 
drill -bit, and the diameter of the steel used, vary according to the nature 
and character of the rock to be bored and the capacity of the drilling 
machine employed. A judicious selection of the best shape of bit, suitable 
for the rock, adds considerably to the success of the boring operations with 
drills actuated by steam or compressed air. The chisel-pointed bit usually 
adopted in hand-boring has no place in machine drilling when the rock is 
fissured. A modified form of this kind of bit is shown in fig. 59; it 
answers very well for sandstone and slate of a solid nature. The flattened 
or grooved portion at the centre of the bit is made for the purpose of 
discharging cuttings and sludge. 

The part forming the centre of any drilling-bit performs but little work, 
so that the reducing of the steel, as shown, does not affect its efficiency. 
The steels for the smaller sizes of rock-drills are generally made from f ths of 
an inch to 1 inch in diameter, while for the larger-sized machines the diameter 
varies from 1^ inch to If inch. They are made from octagonal steel bars; 
the shank, or part which fits into the bush of the chuck at the end of the 
piston, is turned so as to fit it exactly, the top end being made of a hemi- 
spherical shape. The width of the cutting edge is determined by the size of 
rock drill used, that is, by the diameter of the cylinder, or in other words, by 
the force of the blow transmitted by the machine to the bit. It varies from 
I of an inch to 3 inches for general quarrying, while in special circumstances 
it may be as wide as 5 inches. The proper shape to be given to a drill- 
bit, under varying conditions of work, is a subject on which a considerable 
amount of attention has been bestowed. 






Fios. 69-61.— Diill-bits. 



The cross-bit shown in fig. 60 is a decided improvement on the older 
form or chisel-pointed bit, and does very good work in solid rock. There 
is, however, a difficulty with this form of cutting edge, arising from the 
circumstance that when rotated by means of the spiral bar it has a 
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tendency to strike the same place four times in each rotatioQ. This 
unavoidable pounding of the dril]-bit on the same spot, especially when 
it is penetrating the rock quickly, has a tendency to bury the bit in the 
same groove, with the result that the succeeding blows will cause the bore- 
hole to be ' rifled,' or of an irregular shape. 

The drill-bit made iu the form of an X, fig. 61, is now almost uuiversally 
adopted with percussive rock drills, as from the shape of the cutting edge 
the chance of striking the same place ia reduced by one-half; consequently 
there is less risk of the hole becoming rifled. Attempts to bore a 
round hole with the cross-hit have often failed, while the X-bit baa 
performed the work satisfactorily in this respect. The drill-bit in cutting 
itd way through seamy rock has a tendency to run out of line, or to follow 
the fissured parts, which may be at a considerable angle to the direction of 
the bore-hole. This causes great trouble, and may necessitate the work of 
drilling the hole being abandoned before the intended depth has been 
reached. It also entails a considerable luss of time in shifting the machine, 
and, if the abandoned bore-hole is not very deep, an additional one may bo 
required to successfully carry out the blasting of the rock. It will be 
evident that under such circumstances the working expense in drilling on a 
certain piece of rock may be greatly increased from the cause mentioned. 
To obviate this, the drill-bits should be formed with shoulders or wings 
extending bock to about 6 or 8 inches from the cutr 
ting edge, and only of a slightly reduced diameter at 
the rear end of the wings, bo as to ensure free working. 
Ab the cutting edge wears in proportion to the 
amount of work done, it is advisable to have wings 
of the length mentioned. 

The purpose of these wings will be more clearly 
understood by referring to fig. 63. The cutting edge 
of the drill-bit, in penetrating the seams running 
diagonally across the hole, will, if not prevented, 
follow the line or vein a b. This is obviat«d by the - 

wings being in contact with and guided by the sides ^'°- ^^ 

of the bore-hole ae and be, which check the tendency of the cutting edge 
of the bit to follow the slanting direction of the seamy or fissured portion 
of the rock a b. 

180. Tempering DrUl-MtB. — llie hardening and tempering of the drill- 
bits is a matter requiring careful study and observation on the port of the 
quarry smith. In hardening drill-bits, it is desirable to combine as far as 
possible the properties of hardness and toughness. 

Hardness is produced by immersing in water a part of the bit, the steel 
of which should be of the best material, after it is heated to a certain 
temperature ; this is the cooling medium employed, while toughness may be 
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increased by immersing the bit in oil, which process should be occasionally 
carried out to prevent the steel becoming too brittle. The drill-bits are 
first dressed to the proper form and gauge by means of special blacksmith's 
tools, viz., a dolly, sow, spreader, flatter, and swage. The quarry smith 
does not like to dress an X-bit, as that involves considerable trouble 
and manipulation; this difficulty may, however, be easily overcome by 
using two dollies. The drill-bit, when intended to be made in the form of 
an X, should be dressed first as a cross-bit ; the requisite shape can then be 
obtained by spreading the wings with a hammer, and finishing it in the X 
dolly immediately before commencing the hardening process. The hardening 
of the cutting edge is proceeded with by heating the end of the steel to 
cherry redness, and then dipping it in cold water to a depth of about an 
inch, moving the bit at the same time slightly up and down to avoid the 
hardness terminating abruptly. When the requisite degree of hardness has 
been attained the steel is immersed in water until the heat is reduced 
sufficiently for tempering. The steel is then withdrawn and the colours 
carefully watched for, until that of a pale straw appears, which is the one 
most suitable for percussive rock drill-bits. 

The temperature increases at the point, owing to the heat which is left in 
the stock passing down, the colours appearing in regular succe^on on the 
bright or filed surface of the bit. When the straw colour appears, which 
can bo only properly observed in a dark place in the smithy, the steel is 
plunged into water and left there till cold, when the process of tempering 
is completed. 

181. Motive Power. — The compressed air or steam is conveyed to the 
drilling machine by small iron pipes or gas tubing. When there is more 
than one drill at work, "f branches are placed on the line of main pipe 
at suitable intervals, and laid to within a short distance of the drilling 
machines. The connection is completed by using a suitable length of 
seamless hose, preferably 5-ply, which will withstand the pressure of steam 
or compressed air ; the exterior should be protected by being marline-wound^ 
and each end should be provided with proper couplings for attachment to 
the piping and the drill. When it is necessary to connect two lengths of 
iron pipes for conveying the motive power which do not lie in the same 
straight line, a flexible ball-and-socket joint is employed, admitting of a 
movement of about 45 degrees in any direction. 

By the use of one or more of these flexible joints on a line of piping 
many delays in changing pipes are avoided while they remain, especially 
Moran's patent joint, perfectly air and steam tight after many years' 
service. 

182. Comparative Trials of Bock Drills. — Comparative trials of power 
rock drills have been carried out from time to time, but it must be confessed 
the results have been of little practical value. At the exhibition of Mining 
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and Metallargy, held in the Crystal Palace, Sydenham, in 1890, a trial was 
carried out with power rock drills actuated with compressed air supplied 
at a pressure of about 60 lbs. per square inch, one of the conditions 
enforced being that the diameter of the bore-hole should be equal to half the 
diameter of the cylinder of the drilling machine. The blocks of stone 
operated on were faced so as to give each machine an equal opportunity in 
starting the bore-hole, two minutes being the time allowed to test the 
boring capacity of the drill. So limited a period of time for such a trial, be 
it observed, does not admit of any practical comparison being made between 
different types of rock-drilling machines. For instance, the drill-bit might 
not be properly hardened and tempered for the rock being operated on, and 
consequently the capacity of the machine would be determined by the 
suitability or otherwise of the condition of the cutting edge. As a rule the 
drill is applied in actual practice to a sloping, not a dressed face of rock, so 
that a drilling machine having a variable stroke could not show its efficiency 
to the same extent in the latter case as in the former. Eock drills were tried 
in Cornwall under the conditions given in the foregoing paragraphs, as long 
ago as 1867, and in an open quarry face ten years later. 

The relative merit of a rock drill must of necessity be that of actual 
work accomplished, whether in a mine, heading, or open quarry work, and 
the capacity or cutting power and general handiness of the machine can only 
be determined by an every-day experience extending over a considerable 
period of time, and under the varying conditions which present themselves 
in quarrying operations. 

183. Podtioii of the Bore-hole. — ^The selection of the best position for 
bore-holes is a very important factor in quarry work, as the useful effect 
or result of the blasting operations depends on judicious choice in the 
location of a series of them. To determine the position of each bore-hole 
properly, it is necessary to consider what effect the action of an explosive 
will have in relation to the bore-hole and the bounding faces, and also to 
have a previous knowledge of the probable direction of the natural backs 
or fissures in the rock. . The most favourable condition for blasting is when 
the rock presents an unsupported face on every side, but in ordinary quarry 
work this condition does not obtain, the wall or face of the rock being 
vertical or nearly so ; only two free faces exist, namely, the top and breast 
of the rock. Under these conditions the bore-holes should be placed as 
nearly parallel to the longest free side as possible. The effects of disrup- 
tion by blasting may be gathered from the line of fracture as shown in 
fig. 63, in which d,a,f represents the top of the rock, and d e the face, 
while the bore-hole is shown at a 5 and the explosive at c, w being the 
distance from the charge to the face of the rock or the line of resistance. 
The effect of the charge c when exploded, provided it be strong enough. 
Lb such that the lines of rupture will follow the bore-hole ab and the 
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portion to c, while the dotted line /, b, e represents the probable crater. The 
distance w, or line of resistance, should not be more than three-fourths of the 
depth of the bore-hole, so thftt when charged the lines of least resistance from 
the centre of the charge c, a c, and w c may be approximately equal. 

Fig. 64 represents the plan of the top bench of a quarry ; the face of the 
rock is shown at b d, and the bore-hole at a. The result of the blasting 
will depend upon the angle made by the lines of rupture ab and ac, 
which must necessarily be less than ISO*", and may indeed be a very small 
angle. 

This would be the result if the shot-hole was fired singly, but experi- 
ence shows that by firing several charges simultaneously, a greater useful 
effect is obtained. For example, consider another bore-hole the position 
of which is parallel to the rock face and placed at a'; the lines of rup- 
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ture, taking them if fired singly, would follow the dotted lines by a, c and 
c, a\ d, whereas, if fired simultaneously, the mass of rock which would 
be dislodged is represented by the letters b, a, e, a\ d. The distance 
between the points a and a' should not exceed the depth of the bore- 
holes, the best results being obtained when the distance between them is 
made equal to the line of least resistance w, in fig. 63. It will be seen 
that the useful effect is greatest when the disruption takes place at an 
angle of 180*", that is, when the lines of rupture run in opposite directions, 
showing the decided advantage which may be obtained by firing several 
shot-holes simultaneously. In firing single shot-holes, the useful effect 
diminishes as the angle made by the lines of rupture becomes less. 

Briefly, these are the conditions necessary to be observed for the advan- 
tageous placing of bore-holes. As a mass of rock, however, is seldom homo- 
geneous in composition or uniform in texture, a careful examination of the 
quarry is essential, so that the position and direction of the bore-holes shall 
be determined in accordance with these varying conditions, in order to pro- 
duce a maximum effect with a given quantity of explosive. 
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Machine bore-holes may be drilled either in a vertical, inclined, or 
horizontal position. 

The vertical position is the most convenient for quick handling and drilling, 
while in blasting, the explosive effect is wholly expended in shattering and 
dislodging the rock, none of it being required for lifting it The face of a 
qaarry, therefore, when of considerable depth, should be formed in benches, 
the level portions being from 12 to 15 feet wide. The depth of face may be 
varied according to the drilling capacity of the machine employed, the 
usual depth being from 14 to 20 feet, as shown in fig. 65 ; the dotted lines 
show the assumed line of the face as the quarrying operations are extended. 

Horizontal, bottom, or breast bore-holes can be made with a modern rock 
drill. In many cases all these kinds of holes may be required in order to 
allow of the maximum quantity of rock being dislodged by one operation in 
blasting, and also of the bottom 
of the quarry being taken out in 
as uniform a manner as possible. 
In a quarry having a vertical face 
of from 20 to 22 feet, and operat- 
ing with a drill capable of putting 
down 14-feet bore-holes, it be- 
comes necessary tq place horizontal 
holes at the floor level of quarry, 
so as to ensure the dislodgment 
of that portion of rock which is 
left beyond the crater formed by pj^. gg 

the blasting of the 14-feet vertical 

bore-hole. Vertical shot-holes require a smaller charge of explosive to dis- 
lodge a given quantity of rock, compared with that produced from a 
horizontal or breast hole, the reasons for which will be explained when 
dealing with the subject of blasting the shot-holes. 

From the foregoing observations the position and direction of the bore- 
holes calculated to give the greatest useful effect in the blasting of the rock 
may be determined. 

184. Previous to commencing drilling operations it is necessary to strip 
or lay bare such a surface-Mddth of the rock as will remove all the tirr likely 
to interfere with the actual quarrying operations. The area to be stripped 
will depend on the quantity of material required, and on the height of the 
rock face. It may be determined by calculating the contents of the rock in 
the solid, allowing 13 cubic feet for each ton of material. In general, the 
stripping may be done as occasion requires, whether the quarries are worked 
constantly or interruptedly. The expenditure incurred in performing this 
work should be charged against the total quantity of rock removed from the 
area cleared. The cost of tirring or stripping per ton of rock obtained will 
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depend ou the depth removed compared with that of the rock face, on the 
method adopted in removing the soil, and on the distance to which it has to 
be conveyed for disposal. 

185. Examples of Quanying taken from Actual Practice. — In the 
following example taken from actual practice the quantity of material 
required was 1500 tons, the depth of rock face being 20 feet ; it was desired 
to determine what width would be required when the length of face is 
known. In fig. 66 the positions of the bore-holes are shown, Nos. 1 to 9 
inclusive being vertical, and 10 to 14 horizontal or bottom holes, the length 
of face being 40 feet. These bore-holes were all drilled to a depth of 14 feet, 
and placed at an average distance apart of 11 feet, the measurement 
from the face of the rock to the first line of bore-holes being the same. 
The bore-holes in the second line were placed 9 feet further back and 
parallel with those in front. The distance from the face for stripping 
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purposes is determined in the following manner : the total quantity of rock 
required is divided by the length of face multiplied by the depth of the 
rock, which in this case is about 20 feet. An allowance, however, must be 
made for the line of rupture extending beyond the position of the bore-holes, 
as the necessity of clearing the soil well back from this point to avoid its 
falling on to the quarried material is obvious ; it is therefore advisable to 
make the width greater than the calculated figure by 6 or 8 feet. Fig. 67 is 
a cross-section of the quarry face, showing the position of the vertical and 
horizontal bore-holes ; the actual line of rupture, or crater form, of the mass 
dislodged is shown by the line a, b, and c. 

Fig. 68 is another example representing road-stone quarry No. 1, where the 
depth of the rock varied from 27 to 40 feet. In this case it was imperative 
to blast the total quantity required (4000 tons) at one operation, so that a 
system of bottom and breast bore-holes in conjunction with the yertical ones 
became necessary, whereas under ordinary circumstances it would have been 
worked in benches from the top of the rock surface downwards. It is usual 
to mark off roughly the area of the rock surface which must be operated 
upon to produce the quantity of rock required for a given length and 
depth of face. It will be observed that many of the breast and bottom 
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holes are shown at a coosiderable angle to the general line ol the quariy 
£ace ; this was necesaarj, owing to the position and varying direction of the 
veins and fissnrea running through the rock mass. 

The bottom holes are indicated by the nnmbeis 1 to 1 3 inclusive; the breast- 
holes, at an average of from 7 to 10 feet high above the floor level of the quarry, 

«■ «•!-':-"; *• . t 
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are nnmbered from 14 to 22 inclusive, and the top or vertical holes, 23 to 42. 
¥ig. 69 represents a croBS-section at A A on plan, and shows the method adopted 
in arranging the position of the bore-holes. They were all put in 1 i feet deep 

andchargedwiihdynamitejthetotalquantity , ,,•_ a 

of material actually quarried and passed over '" " ~gf>n;*>p;'f^^J . 

the steelyard amonnted to 4168 tons. Ji^'r^^^E^ 

There is no universal rule for placing ,; i^-r*^^^" 

bore-holes. The best plan is to study the % ^^^^^.-iJ^'-^ 

conditions already mentioned, carefully \ ^£r™^g^J^ 

note the position, depth, and direction of _ar»riL&*'*V|-jS**"-^-< 
the bore-holes relatively to each other, ^^'jif''^ ' ' ■^" 
and the results obtaiued from previous Fio. 68.— Crow-secliou of road- 
blaating operations. The number of bore- "*""" ^"""J" ""■ 1 »* ^ A. 

holes required will depend on the tenacity of the rock, on the development 
of the joint planes, and, in some measure, on the lines of fracture started by 
the preceding blast. With electrical firing, bore-holes can be placed further 
apart, consequently fewer are required to effect similar results. 

186. In qnarrying for ' dimension stones,' such as those used for kerbs, 
channels, and setts, the system of drilling few holes is usually adopted, but 
these are made deep and of large diameter, the object being to apply the 
blasting agent so tliat it will simply push the mass of rock outwards and 
yield the largest blocks possible. lu obtaining materials for macadamiz- 
ing pnrposes, however, it is of primary importance to reduce the mass of 
rock to a suitable size for handling ; and therefore a large number of bore- 
holes are drilled, while the explosive used should be specially adapted for 
tbe end in view, which will be noticed under blasting. 
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187. Boring the Shot-holes. — ^The position and direction in which a 
bore-hole is intended to be drilled having been determint^, the tripod is so 
placed that when the drill proper is attached and fixed to the saddle the 
chack end of the piston carrying the cutting tool will coincide exactly with 
the spot selected for the bore-hole. In drilling vertical, and even at times 
bottom bore^holes, it is a common occurrence to encoimter loose rock, which 
should be cleared away previous to fixing the position of the machine. The 
setting of the tripod for vertical holes is commenced by placing it in an 
approximate position with the saddle at a fixed height or distance from the 
rock. The irregular or rough nature of the surface may necessitate placing 
the legs of the tripod at different angles and of varying lengths. This is 
readily accomplished by means of the saddle bolt, front leg bolt, and the 
telescopic pointers fixed by bands and screws. A small hole is made in the 
rock at three points with a chisel or quarry pick for the pointers of the tripod 
to sit in. The jaw of the saddle at the apex of the tripod is loosened, and 
the conical spigot attached to the cradle of the drill is then placed upon it, 
and properly secured. 

The position and direction of the bore-hole are then definitely fixed, all 
the bolts of the tripod being tightened, and the weights placed on the legs 
by means of the hangers or clips, which keep the drill perfectly rigid when 
working. Fig. 70 shows the machine drilling a vertical hole. 

In drilling bottom or breast-holes the tripod legs are placed so that they 
are in a flat position, the under part of saddle resting on a block of wood. 
The pointers of the two front legs are placed against the rock face, while the 
other, or back leg, is placed directly behind the line of the bore-hole to be 
drilled, and is prevented from receding, by reason of the action of the drill, 
by wedges or by a heavy block of stone. 

The weights are fixed on all the legs in a manner similar to that adopted 
in drilling a vertical bore-hole. 

Fig. 71 shows the machine drilling a horizontal or breast-hole. 

The first length of steel is then placed in the recess or chuck end of the 
piston, and properly tightened by means of the U-bolt and nuts. This 
operation has to be performed as each succeeding length of steel is required. 

The coimection between the pipes conveying the motive power, whether 
steam or compressed air, is made by a suitable length of heavy hose marline 
wound for the former, and wire armoured when compressed air is used. 
Before attaching the hose to the drill it is advisable to turn on the steam or 
air temporarily, and clear out any foreign matter which may have by 
accident gained access into the feed pipes or connections, thereby minimizing 
any chance of injuring the working of the valve In commencing the drill- 
ing of a bore-hole, whether the rock is at right angles or in a slanting 
direction to the axis of the drill-bit, it is advisable to go slow at first ; this 
is accomplished by feeding the machine with the cutting tool up to within 
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an inch of the surface of the rock by meaus of the feed screw. As the rock 
is penetrated the stroke is lengthened, and the force of the blow increased 
so as to attain the fall drilling capacity of the machine ; the length of 
stroke varies in different rock drills, that of the ' Ingersoll-Sergeant ' being 
from 6 to 7 inches. 

In tappet-actuated valves the stroke may be shortened to about 4 inches 
by working on a cushion of steam or compressed air in the cylinder, the 
full stroke of the drill, the valve of which is operated by this means, being 
7 inches. The variable stroke alone constitutes a very great advantage, and 
a rock drill possessing this property will start a bore-hole in half the time 
required by one working on a longer stroke. Again, a perfectly straight 
bore-hole is also easily made with a machine having a variable stroke. 
Another advantage possessed by a rock drill with a variable stroke is that 
the stroke can be shortened should a bit become accidentally fixed. Many 
of the different types of rock drills work at a pressure of 40 lbs. to the 
square inch, but the ' Ingersoll-Sergeant ' drill, when working at a pressure 
of from 70 to 80 lbs. per square inch, will perform a greater amount of 
boring in proportion to the difference of the pressure stated. The oiling of 
the valves and piston is effected after the drill has been at work some little 
time, and when the condensed steam is got rid of, the oil being applied in 
small quantities at frequent intervals. The piston should be kept thoroughly 
lubricated, in order that the friction in the stuffing-box may be reduced to 
a minimum. 

The feed or forward movement is regulated by the feed screw, and 
depends on the rapidity with which the cutting edge of the bit penetrates 
the rock. 

It is essential to expeditious boring that the drill-bit, except in starting 
a bore-hole, should be fed just fast enough to give the piston its full stroke. 
When fed too slowly it will strike the front head, and if too fast, the useful 
effect of the ciitting tool is reduced, and the power expended on the machine 
itself instead of on the rock. The depth to which a bore-bole should be 
drilled will depend greatly on the size of the rock drill employed and 
the class of work undertaken. For holes 20 feet deep, experience shows 
that the best results are obtained with a machine having a cylinder 3^ 
inches in diameter. The hole is commenced with a drill-bit having a 
cutting edge 3 inches wide, and is finished at the depth stated with a 
If inch bit. 

For general handiness, where manual labour only is available for handling 
the machine, weight being an influencing factor for expeditious work, a drill 
having a cylinder diameter of 3j^ inches, and capable of boring holes to a 
depth of 14 or 16 feet, is to be recommended. With this size of machine a 
bore-hole is commenced with a diameter of 2^ inches, and finished at the 
depth of 14 feet with a drill-bit 1| inches across. This depth and diameter 
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of bore-hole admits of a large mass of rock being easily dislodged by means 
of high-grade explosives and electric blasting. 

The feed or forward movement of this class of drill is 24 inches, con- 
sequently with each succeediDg length of steel there is an advance of two 
feet until the desired depth is reached. The condition which the cutting 
edge of the drill-bits will present after boring 2 feet will depend on the hard- 
ness of the rock, and on the care exercised in hardening and tempering them, 
in average whinstone, and even in granite, a drill-bit if properly dressed and 
tempered may be used a second time, and in many instances one drill-bit 
has been used in boring 6 feet, — that is, made use of three times before being 
returned to the smithy to be re-sharpened. 

It is a remarkable fact that the wear of the cutting edge of a 
machine drill-bit working in hard rock will, for a given amount of boring, 
be only 7 or ^ that of a hand-boring bit. Keeping the bore-hole clear 
of the chippings is a matter requiring some attention, the actual 
amount of boring being increased at least 30 per cent, by using water 
in the bore-hole ; this also serves the purpose of converting the dust into 
sludge, which can be readily removed by the ' scraper.' A much better and 
at the same time quicker appliance for removing the sludge, is the 
small pump shown in fig. 72, having a ball or catch valve working at the 
bottom end of the pump, which allows the liquid to be forced up the tube 




Fio. 72. — Bore-hole pump. 

to a certain point, on the return of which the valve falls and retains 
the contents, which are then removed from the bore-hole. A piece of ^-inch 
iron rod is attached to the pump and forms the handle ; it should be of 
sufficient length to easily reach the bottom of the deepest bore-hole. 
The pumping is performed at each change of bit ; it is necessary at times, 
however, to remove the steel and clean out the bore-hole before the 
drill-bit has penetrated the rock to its full length; but as this involves 
an unnecessary loss of time, such delay should be avoided by keeping 
up a good supply of water. When the debris formed by drilling is of a 
viscous nature and adheres to the steels, it may be advisable to direct a jet 
of steam through a small piece of piping inserted into the bore-hole and 
attached to the steam hose ; this will effectually clean out the sludge when 
other means fail. 

When the steel sticks in boring through seamy rock it may be relieved 
by striking it with a light hammer ; but care must be exercised to deliver 
the blow on the stock of the drilling-bit, and not on the piston or chuck. If 
the rotating mechanism fails to operate after the drill-bit strikes a blow, the 
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cause will invariably be a want of pressure on the washer at the back head 
of the machine. This can be quickly remedied by tightening the' nuts of 
the side bolts, which will cause the back head springs to press firmly on 
the cap. 

188. Work done by a Bock Drill. — The amount of work which can be 
accomplished by a rock drill in one day or in any given time, depends on 
the capacity of the machine itself, the nature of the rock to be bored, the 
manner in which the drill-bits are formed and tempered, and the size or 
diameter of the hole drilled. 

In hard solid whinstone, two feet may be penetrated in five minutes with a 
drill-bit having a cutting edge 2^ inches across. As each drill-bit has, 
howeyer, to be replaced by a lunger one for every two feet drilled, and the 
bore-hole also requires to be cleaned by pumping, some time must be allowed 
for this, say from three to four minutes for the combined operation. Starting 
with a drill-bit 2^ inches in diameter, a depth of 12 feet can usually be 
accomplished in an hour, including the time required for changing the bits 
and pumping out the bore-hole. 

As the machine has to be changed from one point in the quarry to 
another as the boring proceeds, the actual time occupied in drilling is even 
less than this, especially when shallow bore-holes only are resorted to. 

The actual work done in a day of nine hours wiir depend on the 
number of times the machine is changed from one point to another, and on 
whether the nature of the rock is solid or seamy. The time occupied in 
changing the machine and starting another bore-hole will depend to a certain 
extent on the distance to which the drill may have to be taken, and on the 
irregular nature of the rock surface. It is also contingent on the aptitude 
of the drill operator. The average time required is from 10 to 15 minutes. 

It is obvious that when the machine has to be removed often during a 
day's work, the time so occupied will bear a considerable proportion to the 
time actually expended in drillin.^. 

Taking all these circumstances into consideration, it will be evident that 
no criterion as to the capacity of a rock drill can be formed by simply 
patting it to work on a block of stone for a few minutes. A complicated 
machine might do good work in a short space of time, and yet be entirely 
useless for practical work. All those who are interested in quarrying opera- 
tions should consider this matter carefully, and adopt those machines only 
that are made on proper principles, and are capable of withstanding the usage 
of actual work. 

The actual amount of boring which can be performed in a given time either 
for comparison, or in order to determine the cost per lineal foot of hole drilled, 
can be arrived at only by averaging the day's work over a considerable period 
of time. In solid rock the author has, with an ' Ingersoll-Sergeant ' drill, 
bored 70 feet of vertical holes in one day of ten hours ; this is, however, too 
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great au amount of work for every-day practice, as in boring through fissured 
rock, the actual performance may only amount to 35 feet, and even less in 
extreme cases. 

The experience gained in working this particular type of rock drill for 
a number of years, taking all classes of rock into consideration, and work- 
ing under varying conditions, shows that the amount of boring which can be 
accomplished averages 42 feet per day of nine hours, each hole being of an 
average depth of from 10 to 14 feet, the cutting edge of bit used being 
2^ inches across the mouth, and finishing at the bottom of a 14-feet bore- 
hole at If inches, or au average diameter of 2^ inches. In calculating the 
amount of work done, either by hand or by machine drills, it is advisable to 
follow some standard in determining the amount of drilling performed, so 
that a comparison may be made of the relative merits and drilling capacity 
of manual labour, and of the different types of rock-drilling machines in use. 
The cylindrical inch of hole bored, previously mentioned, affords a ready 
means to this end, and when applying this method in calculating the results of 
an average day's drilling, namely, 42 feet, it will be found that this amounts to 
1071 cylindrical inches of hole bored, or 119 per hour. These figures include 
the time occupied in removing the machine from one point in the quarry to 
another, changing the steels, and pumping out the bore-holes. As already 
stated, a 12-feet hole may be drilled in one hour, including, of course, the 
necessary time for changing bits, etc. ; this amounts to 315 cylindrical 
inches of hole bored in that time. From these results it is evident how 
essential it is to drill deep bore-holes, in order to avoid the delay o'ccasioned 
by the repeated changing of the machine, during which time the drill is not 
working. In the event of bore-holes of shallow depth being adopted, as is 
sometimes done, it is very evident that changing the position of the machine 
repeatedly will occupy nearly as much time as the actual drilling, iu which 
case the least possible advantages are attained by employing rock drilling 
machines. 

The means by which rock drills are actuated, as already mentioned, is 
compressed air or steam. In large quarries where boring operations arc 
carried on during the greater part of the year, and probably employing a 
large number of drills, the most suitable and economical motive power is 
compressed air, which, besides these important considerations, serves as a 
means of preserving a clear atmosphere at the working face, and adds con- 
siderably to the best possible conditions for carrying on the operations. 

In establishing a compressed air plant it is necessary to supply a com- 
pressor capable of providing a sufficient pressure for the number of rock 
drills which may be at work, the air being conveyed in pipes of relatively 
large diameter. By using compressed air as the motive power for rock drills, 
it is immaterial at what distance the compressor is situated from the point 
where the drilling operations are being carried on, as, provided there is no 
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leakage, the pressure of the fluid working the drills is practically the sauie 
as at the compressor. In other words there is little or no loss of pressure 
between the point of compressing the air and that of using the compressed air. 

In quarries where the work is carried on in an intermittent manner, such 
an expensive plant as has heen described, while possessing many practical 
advantages, could not be economically employed. It is necessary, therefore, 
to make use of a boiler to generate steam for actuating the drill or drills. 
The must serious objection to the use of steam for this purpose is that at 
certain seasons, owing to the humidity of the atmosphere, the steam 
hangs about the working face, and greatly impedes the movements of the 
workmen. 

A boiler generating steam, to be of any practicable use for such work, 
must be placed as near as possible to the point at which the drill is working, 
so that the steam may be had as dry as possible. If the distance between 
these two points be great, the steam in going through the long line of pipes 
becomes condensed, which, combined with the less effective pressure, places 
the working of the machine at a great disadvantage. This points to the 
necessity of the boiler being placed on wheels, so that it can be readily run 
from one point to another along the quarry face. 

The pipes conveying steam as a motive power should be of as small 
diameter as is consistent with the work to be done, as the condensation on a 
large surface would be prejudicial to effective and economical working. 

In quarrying rock for road purposes the usual, and, in fact, the only 
suitable way of providing the motive power is by means of a road or trac- 
tion-engine, which, besides supplying the requisite steam for operating the 
drill, can be utilized for removing the drilling plant, and sleeping van for the 
use of the workmen, from quarry to quarry as occasion requires. 

The connection with the boiler should be so placed that the steam for 
working the drill may be had as dry as possible. It is advisable when the 
drilling plant is once started in a quarry, although only a small quantity of 
material may be required, to drill a sufficient number of. bore-holes which 
can be blasted from time to time as necessity arises. The reason for this 
is, that to change the plant from one quarry to another every day or second 
day increases the cost of drilling operations considerably, by reason of the 
time occupied in travelling between the different quarries. It will be 
apparent that the cost of drilling may be increased to twice what it should 
be by unnecessary changing from quarry to quarry, involving in some 
instances a whole day, before a sufficient amount of actual work can be 
performed in proportion to the time occupied. In other words, the time 
occupied in travelling to a quarry for one day's drilling, which may be sufficient 
in order to produce the requisite quantity of material for immediate pur- 
poees, will involve an increase of cost compared with the same time and expen- 
diture spread over a working period of from one to three weeks' duration. 
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189. Blasting. — In the foregoing pages the tools and mRchines nsed in 
rock boring, and the conditions necessary to be observed in placing the bore- 
holes, a matter of the highest importance, have been considered; it now 
remains to describe the methods adopted in charging and firing them, and 
the different kinds of explosives used for this particular class of work. 

When it is advisable to simply rend the mass of rock so that blocks may 
be obtained as large as possible, it is necessary to make use of an explosive 
having a cumparatiyely slow action. In the case of procuring material for 
road metal quite an opposite effect is desirable, pointing to the necessity of 
employing an explosive having an extremely rapid and violent action, which 
will shatter the mass of rock sufficiently, and obviate, as much as possible, 
the necessity of after manipulation. 

In blasting rock from which dimension stones are to be produced, gun- 
powder is sometimes used ; but special qualities of blasting powder are 
manufactured to suit the nature of the rock and the class of work for which 
it is intended. 

190. Gunpowder as a Blasting Agent. — Gunpowder, the grains of 
which are small, is more rapid in action than coarse-grained powder; the 
explosion of the latter is adopted to simply rend and, by its slow moving and 
accumulative force, dislodge the mass of rock. Gunpowder is termed a 
direct explosive agent, that is, its force can be developed by direct means, 
8uch as ignition ; it can also, however, be detonated by indirect means, which 
materially increases its explosive effect. 

The composition of the blasting powder generally used in Great Britain 
is 75 per cent, saltpetre, 10 per cent, sulphur, and 15 per cent, charcoal. 
Dynamite of a low grade, or containing a small percentage of nitro-glycerine, 
may be adopted with advantage at times for blasting rock under similar 

conditions. 

191. High-grade Explosives. — The high explosive effect necessary to 
shatter the class of rocks used for macadamizing purposes, such as whin- 
stone, is best obtained with high-grade nitro-glycerine compounds, fired by 
electricity. These high-grade explosives are termed indirect explosive agents, 
as they require an intermediary, such as a fulminate detonator, to cause 
them to explode properly. 

192. The nitro-compound explosives of high grade are : — 

Blasting gelatine No. 1, which contains 94 per cent, nitro-glycerine. 
Gelatine-dynamite, „ 74 

Gelignite, ., 62J 

Dynamite, No. 1, „ 76 

Blasting gelatine is composed of collodion cotton, which is transformed 
into a jelly-like mass by being acted upon and dissolved by the nitro* 

glycerine. 

Dynamite is composed of nitro-glycerine and a diatomaceous earth called 
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r ' or earth meal, found in some of the moors in Scotland and in 
Germany. 

Blasting gelatine has an explosiye energy 12 per cent, greater than dyna- 
mite ; but its action being slower, the effect is much less shattering. It is 
specially adapted for rending tough rock and dislodging it in large masses. 
Dynamite being a rapid and violent explosive, produces its effects very 
suddenly, and is therefore better adapted and fulfils the conditions necessary 
for supplying material for macadamizing purposes by dislodging and reducing 
the rock to a size which saves subsequent sledging ; consequently the cost of 
quarrying is lessened. 

If blasting powder is used in preference, or through some conservative 
idea that its effects are better in comparison with those of the nitro-glycerine 
explosives for a similar purpose, it is necessary either to make larger bore- 
holes or to increase the number, to obtain corresponding results. 

It will be evident that in drilling bore-holes purposely to make use of 
blasting powder as the explosive agent^ the cost of boring is unnecessarily 
increased. 

From these observations it is obvious that the most economical results 
are obtained by drilling deep bore-holes with a rock drill, and employing 
high-grade explosives to dislodge the rock operated upon, so as to reduce it 
to suitable dimensions. 

193. Different Explosives in relation to Wet Bore-holes. — ^In quarry- 
ing operations wet bore-holes have to be contended with, according to the 
season of the year in which the work is carried out. In such circum- 
stances, blasting powder, unless in waterproof cartridges and used without 
stemming in the bore-hole, is not permissible, as moisture detracts from, and 
in most cases destroys, its usefulness as an explosive agent. 

Dynamite when retained in the parchment covering is not liable to be 
thus affected, but in ' pressing home ' this explosive in a bore-hole the effect 
is to considerably alter the form of the cartridge, exposing the dynamite to 
the action of the water, when it exists. In charging the shot-holes under 
these conditions the nitro-glycerine exudes from the ' Eieselguhr,' which 
greatly impairs its explosive effect. In extreme cases where an accumulation 
of water in a bore-hole is such that the dynamite might be materially affected, 
it is advisable to use blasting gelatine, as this form of the nitro-compounds 
is practically unaffected by water. 

The relative cost of the different kinds of the nitro-glycerine class of 
explosives may determine to a certain extent which of them should be 
employed in particular circumstances. Kobel states that dynamite is about 
six times, and blasting gelatine nine times, as strong as blasting-powder. 

194. Conditions and Peculiarities of High-grade Explosives. — Dyna- 
mite may be 'too dry,' owing to a deficiency of nitro-glycerine in the 

absorbent; it may also be over-saturated, when the cartridges will feel 

K 
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greasy t6 the touch, which may be caused by storing the explosive in a badly 
ventilated place. In the former case the effect of detonation may only cause 
a partial explosion, in the bdre-hole, while the residue will simply bum 
away, aad give off very foul gases. Dynamite, and the other nitro-glycerine 
explosives, should be in a plastic state when placed in the bore-holes ; they 
have the disadvantage, however, of freezing at a comparatively high tempera- 
ture — dynamite losing its plasticity at 40° F., while blasting gelatine becomes 
insensitive at a temperature of 45*" F. It may take days to thoroughly 
thaw frozen dynamite, while, on the other hand, it may be exposed, when soft,, 
for days to a temperature below 32"* F. without losing its plastic condition. 

Frozen dynamite requires a high initial detonation to explode it, and 
when in this state it is somewhat dangerous, owing, it is believed, to the 
breaking of the crystals causing some peculiar molecular action, which at 
times has brought about accidental explosions. 

Special warming-pans are provided for thawing frozen dynamite, or even 
when it is in a slightly hard state ; the process, however, is a slow one when 
large quantities of explosives have to be treated. The warming-pans consist 
of two galvanized zinc vessels, one inside the other, the interspace being 
filled with hot water and protected on the outside with felt to retain the 
heat The frozen explosive is placed in the centre and covered with a lid ; 
these warming-pans holding, according to size, from 2^ lbs. to 5 lbs. It 
is essential that the inside of the warming-pans be kept thoroughly clean, 
so as to reduce any possible chance of danger to a minimum. When repairs 
are necessary, the p^ts should be previously washed with a solution of 2 
parts of caustic soda and 2 parts of alcohol to 96 parts of water, so that any 
nitro-glycerine which may be deposited in the crevices will be destroyed. 

It is very difficult to keep the explosive which has been thawed in 
a thoroughly plastic condition, until the requisite quantity is so treated, 
previous to charging the bore-holes. Especially is this the case during cold 
weather in open quarry work, removed, as is usually the case, from any kind 
of shelter. A very speedy and effective method of thawing and keeping 
nitro-compounds in a plastic condition for immediate use may^be carried out 
in the manner described in par. 195, and when ordinary care b exercised, 
Uttle or no fear need be apprehended as to the results. It must, however, 
be remembered that these explosives detonate when heated above 356"* F., 
and that chemical changes take place in dynamite above 158** F. 

195. Warm stable manure is spread to a depth of one foot on the 
ground, adjacent to the quarry where the blasting is to take place, and of a 
sufficient area to accommodate the quantity of explosive necessary, allowing 
a free space between the boxes. The boxes, which contain 50 lbs. of 
explosives each, are then placed on this layer, and the lids partially opened, 
when a quantity of manure is spread over and [between them, and allowed ta 
i;^iiadn until the explosiye material is thoroughly thawed and in. a plastic 
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condition. Care should be exercised to avoid a high temperature, as abeady 
explained, for which purpose a thermometer may be advantageously applied 
at several points to ascertain the maximum heat, and, when necessary, the 
iieat can be reduced' by removing some of the manure. 

196. Determining the Charge. — It is a somewhat difficult matter to 
calculate exactly the amount of explosive necessary to effect the purpose 
intended. The conditions may vary considerably at each bore-hole; the 
natural planes in many cases aid the operations ; while when the nitro- 
glycerine explosives are used it is easier to blast seamy rock than a solid, 
tough mass of rock. The volume of material loosened may be taken as 
iipproximately proportional to the cube of the line of least resistance, which 
is generally the shortest distance from the charge to the surface of the rock ; 
the proportion, however, varies in different cases, but may be roughly 
<e£timated at twice that cube. ** In ordinary blasts the proportion of the 
weight of the rock loosened to that of powder used ranges from 4500 to 1 
io nearly 13,000 to 1, and is on an average about 6000 to 1 or 7000 to 1. 
The ratio of the number of pounds of powder to the cube of the number of 
feet in the line of least resistance ranges from 1 to 32 to 1 to 10." * 

Jload-stone quarries generally permit of a systematically planned method 
of working being carried out, and especially is this the case in blasting the 
rock, although the amount of the charge cannot be determined with 
mathematical exactness. An approximate calculation can be made, how- 
ever, sufficient for all practical purposes, with a view to fix the quantity of 
explosive necessary to loosen a mass of rock by proceeding in the following 
manner, a system which the author has adopted and made use of for years 
past with satisfactory results. The cubic contents or burden of the rock 
surrounding each of the bore-holes is calculated in relation to the adjacent 
^nes, allowance being made of about one-fourth the depth of the bore- 
hole beyond its position towards the solid and also below the bottom of the 
hole as the probable boundary line where the available effect of the explosive 



To illustrate this, let fig. 73 represent a quarry face about 30 feet long 
with three bore-holes placed as shown, 14 feet deep; the probable lines of 
fracture or crater are shown by dotted lines. Shot-hole No. 1 is situated 
11 feet from the face and 10 feet from No. 2, and the free end towards a c 
is shown as 5 feet; therefore the contents of the mass of rock a h^ d c 
(taking 17 feet as the probable depth which will be affected), represents 
{10 X 14 X 17) "2380 cubic feet, which, allowing 13 cubic feet in the solid 
to each ton of rock, amounts to about 183 tons. The contents or burden 
surrounding the other shot-holes are calculated in a similar manner. Should 
the shot-holes be fired singly, the line of rupture will not follow the dotted 
lines ah, d c but may be approximately represented at e, /, g, when the 

* Bankine'a Civil Engvneering^ 
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qaantitj of rock dislodged may only amount to about 120 tons. If blastinf^ 
powder is used, and the shot-holes are fired singly, experience demonstrates- 
that 1 lb. of this explosive can move from 3 to 4 tons of rock, and in the 
case referred to a. total quantity of 30 lbs. would be required in order that 
the charge should be strong enough to overcome the resistance presented by 
the cohesion of the rock. This is on the assumption that the bore-hole- 







could contain this quantity of powder and admit of a sufficient amount of 
tamping being placed on the top, otherwise part of the charge would be 
blown out, diminishing its useful effect, and at the same time throwing the 
shattered rock at the mouth of the bore-hole in all directions. 

In the event of the shot-holes Nos. 1, 2, and 3 being fired simultaneously 
by electricity, then 1 lb. of blasting powder will throw down from 5 to & 
tons of rock, hence in the case of No. 1 hole rather more than 36 lbs. will 
be required to dislodge the mass a 2>, d c, or 183 tons of rock. 

It is evident, therefore, that simultaneous blasting, even when using 
blasting powder, gives better results than when the shot-holes are fired 
singly. In very hard and tough rock the effect of blasting with blasting 
powder as an explosive agent is such that the mass of rock is simply dis- 
lodged ; the large size of the blocks of stone resulting necessitates an 
additional expenditure to reduce them sufficiently, by means of plug-holes, 
for the purpose of sledging. This work is performed by boring a hole 
f of an inch in diameter in the block, and about 1 or 2 feet deep,, 
inserting powder, tamping, and firing the charge, so that it may be split in 
several directions, and reduced to pieces of a suitable size for sledging* 
This on an average requires from 5 to 10 lbs. of powder extra for each 
100 tons of rock, and the inclusive cost of this drilling operation may 
amount to 2d. per ton quarried. This extra work, in addition to the 
mashing or sledging, which is an item involving considerable expenditure,, 
will be explained in detail further on. 

On the other hand, if dynamite containing 75 per cent, of nitro-glycerine 
is employed as the explosive agent, the quantity necessary to dislodge and 
effectually shatter the same mass of rock, e, /, g (fig. 73), would, firing the 
shot singly, amount to 12 lbs. In the event of all the shot-holes being fired 
aimultaneously, which is the only economical method, then the quantity of 
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•dynamite necessary for sHot-hole No. 1, allowing 13 to 14 tons of throw for 
each pound of explosive used, would be about 14 lbs. for the larger quantity 
of rock, namely, 183 tons. 

In dimension-stone quarries, where the material is dislodged in large 
pieces, a considerable amount of work is entailed in reducing them by means 
of plug-holes and blasting. Formerly the plug-hole was usually made by 
hand-drilling, but the pneumatic hammer is now being introduced for this 
purpose. This tool, which is an adaptation of Boyer's patent hammer for 
•caulking boilers and chipping purposes, can make a plug-hole 1 inch diameter 
and 12 inches deep in three minutes. Undoubtedly the pneumatic hammer 
has a great future, as, besides being capable of boring holes, it can be applied 
for dressing the hardest rocks, which has long been a desideratum in the 
granite industry. 

The relative strength of the two blasting agents mentioned has been 
ascertained by the ' ballistic ' test, and experience shows that in the 
generality of cases the figures given may be relied upon when blasting any 
mass of rock, provided the conditions as to drilling the bore-holes have been 
observed. It is necessary, however, to carefully inspect the fissures and 
characteristic features of the rock, as the position of the bore-hole in a 
mass of rock may be to a certain extent locked or keyed, under which 
circumstances an additional quantity of explosive may be advantageously 
used. Blasting gelatine, as already stated, is about nine times stronger 
than blasting powder; but we may assume it to be only eight times as 
fitrong, as this figure harmonizes best with the results obtained in practice. 
•Consequently, in firing the shot-holes simultaneously by electricity, the 
quantity of this explosive necessary for charging bore-hole No. 1 (fig. 73) 
would be about 5 lb& The effects of blasting gelatine, however, are slower 
in action than dynamite, so that the mass would be brought down in 
large blocks, necessitating plug-holes and the employment of additional 
explosive to reduce the stones to suitable dimensions. 

Increasing the calculated quantity of blasting gelatine to, say, 8 or 9 lbs. 
would only have the effect of partially shattering the rock, while the mass 
would in all probability be thrown to a considerable distance, necessitating 
its being recovered and deposited at the quarry face. In extremely tight 
places in a quany face blasting gelatine will burst and throw a mass of rock, 
-while dynamite will only shatter it without dblodging it. The same process 
is carried out in determining the charges for the other shot-holes, and 
ralthuugh it occupies some time and is only approximately accurate, it ia 
jievertheless an infinitely better method than that usoally adopted of fixing 
the amount of explosive necessary to discharge a mass of rock ^ by sight.' 
The latter method of fixing the quantity of explosive required, or, as it 
proves to be in most cases, guessing, is a ' rule-of-thumb ' system of arriving 
at the desired results, for, in such cases, it is usually found tiliat the quantity 



150 ROAD MAKING AND MAINTENANCE. 

of explosive used was either too much or too little for the work to be done. 
Overcharging the shot-holes is a dangerous practice, and should be carefully- 
guarded against in all quarrying operations. 

197. The position and direction of. the bore-holes in road-stone quarry 
No. 2, taken from actual practice, are shown in fig. 74, as also the 
quantity of explosive (dynamite) used and the depth of each shot-hole; 
for instance, in |f the lower figure indicates the depth of the bore-hole, the 
upper one the amount of charge in pounds, while the holes are indicated by 
the numerals 1, 2, 3, etc. 

The quantity of explosive used in each shot-hole was determined by the 
method described ; in the top holes 1 lb. of dynamite was allowed for dis- 
lodging 13 tons of rock, while in the bottom holes 1 lb. was allowed to 




Fio. 74. — Road-stone quarry No. 2« 

every 10 tons of rock. The total quantity of material calculated as likely to^ 
be dislodged was 3400 ; but the actual quantity of rock quarried and passed 
over the steelyard was 3475 tons, so that on an average 12^ tons of 
rock was thrown or dislodged and broken up for each pound of explosive 
used. The appearance of the quarry face during drilling operations, and' 
previous to blasting, is shown at fig. 88, while the result of the blasting, 
taken immediately after the shot-holes were fired, is represented in fig. 89. 

198. Another example of a road-stone quarry, No. 3, is shown in fig. 75 ; 
the position and direction of the bore-holes, and the quantity of explosive 
used in each, are represented in a manner similar to that described in the- 
preceding paragraph ; a cross-section A A and the quarry face are shown in- 
fig. 76. In this case the quarry, although in use for several years, had never 
been blasted, the limited quantity of metalling required each season having: 
been obtained from the loose material on the top by means of bars ancfi 
wedges. 

The rock consists of basalt of a very tough and stubborn nature ; con* 
sequently it was considered advisable to place the bore-holes closer to each 
other than in the cases referred ta 
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The amount of rock teqiiired for the parpose of forming a new road in 
the Tictnitf vas 2000 touB, and considering the nature of the rock it was 
deemed adrisable to work within a safe limit, the amount of the charge 
allowed being I lb. of exploeive to ever; 10 tons of rock. The appearance 
of the quarry face previous to blasting is shown in fig. 90, and the result 
obtained is represented in fig. 91. 

The actual quantity of rock dislodged and broken up suitable for 
sledging tamed out, after weighing, to be 2102 tons, or equal to I0( tons 
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of ttkrow (or each pound of explosive need. The actual cost of drilling^ 
charging, and blasting in these two quarries is given in detail on pp. 171 
and 172. 

199. Chai^iiig the Shot-holes — Before commencing the operation of 
charging the shot-holes, it ie necessary to remove any sludge 01 water which 
may be in them by the means already described, in order that they may bo 
rendered as dry and clean as possible. Mois- 
ture will cool the gasee produced from the 
explosive when fired, and therefore a part of 
the energy is uselessly expended In evaporat- 
ing it, while the action of some explosives 
ia lessened or prevented by iL If blasting 
powder in a loose state is to be employed as 
the explosive agent, particular care should be 
exercised, for the reasons given. The bore- 
holes ought to be thoroughly wiped dry hj 
means of a piece of tow or other suitable material attached to the eye of 
the scraper, which is passed slowly up and down the bore-hole to absorb 
the noietute. 




Kio. 76. — Cross-section at A A of 
Toad-itoas qn&rry No. 3. 
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After ddlermuiing the amoont of the charge by the mle given, the requisite 
quantity is placed in the ehot-hple; if the explosive is blasting powder in a 
loose state this is accomplished by means of a tin or copper tube, so as 
to prevent its coming in contact with the sides of the bore-hole. Blasting 
powder is also made up in cartridges having a waterproof covering, in which 
form it has many advantages. One pound of blastiog powder in a loose 
state occupies about 30 cubic inches, and 27| cubic inches when pressed, so 
that the quantity to be placed in a bore-hole can be determined exactly by 
measurement. Dynamite and the gelatinous explosives are made up in cart- 
ridges with paraffined paper wrappers, and are generally 3^ inches long and 
1 inch in diameter for the former and ^ths of an inch for the latter. Boxes 
containing 50 lbs. are subdivided into ten cardboard boxes made up of 5 lbs. 
each. The number of sticks to a pound of the nitro-glycerine explosives can 
thus be easily ascertained, being generally 8 or 9, and this at once is a 
measure to guide the quarryman in charging the shot-holes. 

The plastic nature of the nitro-compounds affords a great practical advan- 
tage in charging, as it admits of their being readily rammed home into the 
ahot-hole, so as to fill all the seams and crevices. It is advisable, in order 
to save time when charging machine-drilled shot-holes, to place three sticks 
of explosive at a time into them instead of singly; this is done by tying 
them together with a piece of twine previous to commencing the charging 
operations, the combined thickness being sufficient to fill the lower part of 
a 14-foot bore-hole. They are then dropped into the vertical holes, and 
pushed into the horizontal ones, to the required number, and thoroughly 
rammed home, each lot of three separately, by means of a tamping rod 
made of wood, without using undue force ; the more compact the cartridges 
are the greater will be the effect of the explosion. 

If a charge of blasting powder is to be fired by means of a straw, a 
pointed metal rod of small diameter called a pricker is placed against the 
aide of the bore-hole, with its lower or pointed end in the charge. The 
tamping is then proceeded with, which, considering the heaving tendency of 
blasting powder, requires not only that it should be firmly rammed, but also 
that the material forming the tamping itself should be of a dense nature, as^ 
for instance, moist clay. 

The pricker is then carefully withdrawn, leaving a circular passage through 
the tamping down to the charge. Into this passage the straw, properly fiUed 
with powder of fine grain, is inserted ; the charge is then ready for firing. 

This method of firing charges, although defective in many respects and 
attended with danger owing to the number of supposed misfires^ was the 
method exclusively adopted years ago, but is now prohibited by the regala- 
tious of the Quarries Act, 1894. 

The firing of a powder charge is generally effected by means of a safety 
fuse, a piece of which, sufficiently long to reach from the top of the ehargf 
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and to project a few inches above the bora-hole, is placed in a similar 
poeition to that oucapied by the pricker in the case referred to, and the 
tamping proceeded with in a eimilar manoar as described in the preceding 
paragntpli. Better results will, however, be obtained if the fuse is placed in 
-the centre of the charge so as to ensure its i^itiag and exploding propeidy. 

It is a well-estabtiahed fact that an electrical current will produce a more 
powerful initial impulse in firing shot-holes charged with powder than by 
the ordinary safety fuse ; this method of blasting will be described presently. 

In blasting with dynamite and the other nitro-com pounds as the explosive, 
the firing cannot be effectively carried out by safety or any other kind of 
iuse alone. To briog about instantaneous docompoaition in the nitro- 
glycerine class of explosives it is necessary to produce in their midst an 
■explosion of some other substance. This is effected by means of a detonator, 
or copper capsule containing fulminate of mercury. 

A short piece of safety fuse with a clean-cut end is inserted into the open 
«nd of the detonator till it reaches the fulminate; the detonator is then 
pmsed tightly round the fuse by the aid of a pair of pliers specially made for 
the purpose. The detonator is then pushed to a depth equal to two-thirds 
■of ite length into the primer, a hole being previously made in the primer 
by means of a small round piece of wood having a similar diameter to that of 
the cap or detouator, the paraffined paper wrapper is then laid over and 
«ecured to the fuse. To ensure proper detonation the safety fuse in the cap 
ought not to touch the dynamite primer, as, should this occur, the esplosive 
may become ignited previous to Lhe fulminate of mercury 
in the cap exploding, which, besides creating noxious fumes, 
would detract from its explosive effect. The method of fixing the 
fuse and the other details necessary are shown iu fig. 77, a 
l>eing the fuse, b the detonator, c the primer or cartridge of 
dynamite, and d where the paraffined paper wrapper is secured 
to the fuse by a piece of twine. 

When damp or wet bore-holes are encountered, it is advisable 
to smear the coaneclion between the detonator and the fuse with 
taHow or some other kind of water- resisting composition. 

It is a common practice to insert a paper wad on the top p -_ _ 
of the primer and detonator before the tamping is commenced ; Dynamite 
this forms a cushion and protects the detonator. primeruid 

When a number of shot-holes are to be blasted simul- <*'^'n*fy 
taneously, the employment of electricity to fire the charge 
presents nnmerous and great advantages; evbu iit eingle-sbot firing it is 
much .superior to the safety fuse and detonator by its producing a greater 
Vaefnl effect, 

200, Electrical Setonaton. — These consist of a charge of explosive 
[, nsnally fulmioatfl of mercury; suitably placed in the circuit of an 
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electric current, and acted upon iq a manner and degree sufficient to prodnc« 
an explosion. The mode in which the current of electricity ia made to act 
depends on the source or manner in which it ia generated, being either of 
high intensity but small in quantity, or of low tension and of great quantity. 

Two kinds of electrical exploders are therefore manufactured, consisting 
of three types to suit these two different conditions or sources from which 
the electric current is produced, Theae three types are the slot detonator, 
fig. 78, the bridge detonator, fig. 79, and the incandescent detonator, fig. 80, 
but are commonly called tension and quantity detonators. 

Slot Detonator. — The slot detonators are thin copper tubes — a, about 
^ inch in diameter, closed at one end and partialiy filled with a detonating 
composition, b, consisting of fulminate of mercury in varying quantities up 
to 2 grammes or 31 grains. On the top of this composition there is placed a 
layer of priming or flashing mixture, e, which is generally made of antimony 
sulphide and potassium chlorate. The wire for conveying the electric current 
is bent at the lower end in the form of the letter V, around which a plug, f, 
of melted sulphur and powdered glass is moulded, a fine slot being cat 
through the wire as shown at d. The plug is then inserted into the copper 
casing, so that the two bent ends of the wire project into the priming 
mixture ; it is then made water-tight with india-rubber solution. 

Bridge Detonator. — The bridge detonator is similar in form to the 
previous one; the wire terminals are, however, filed off fiush with the inside 
face of the plug, along which and between the ends of the two wires a lioft 



Slot. Brldgt. InoodcNvnt Dctoiuttar. 

Figs. 78-80.— Electric Fums. 
is drawn with a soft black lead pencil. This forms a path for the electric 
current to pass along, with many points at which sparking takes place. 

Ineandeeeent Detonators. — The incandescent detonators are made in a 
similar manner to the slot type, but the ends of the wires are placed in the 
l>riniij)g o; flashing mixture and connected by a very fine platinum wire^ d. 
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Owing to the great electrical resistance of the platinum wire, it becomes red 
hot when a current is passed, thereby effecting the necessary explosion. 

This type of exploder requires an electrical current of gi'eat quantity to 
explode it, but of low tension, while the slot type of detonator requires a 
high tension current to ignite it. Detonators contain a mixture of from 80 
to 95 per cent, of fulminate of mercury and 20 to 5 per cent, of chlorate of 
potash, those for electric blasting generally containing 90 to 95 per cent, of 
the former and 10 to 5 per cent, of the latter. They are manufactured with 
charges varying from 8 to 31 grains; No. 6 detonator, or sextuple strength, 
containing 1 gramme or 15*4 grains, are those usually employed in quarry work 
for supplying macadam. Detonators of insufficient strength are a source of 
danger, and many accidents are traceable to explosives of the nitro-compound 
class being improperly exploded. It is essential, therefore, to employ those of 
a proper strength to ensure effective work ] in many cases No. 8 detonators 
are employed, especially in very wet bore-holes ; these contain a charge of 
31 grains. The lowest standard for detonators required by the Home Office 
is 80 per cent, fulminate of mercury and 20 per cent, of chlorate-of potash. 

201. The detonators are inserted in the primers, whatever kind of 
nitro-compound explosive is used, by making a hole at one end by means of 
a small piece of round stick, thoroughly covering the exploder with the 
dynamite and securing the paper wrapper to the wires by means of a piece 
of twine. 

It is then placed in the bore-hole and in contact with the charge, the 
wires being sufficiently long to reach at least a foot beyond the surface of 
the rock, 

202. Some authorities on blasting claim, in order to properly fire a 
charge of dynamite or the gelatinous compounds, that the detonator should 
be placed in the centre of the charge, and that even two or three should be 
employed and distributed in the body of the charge to obtain, if possible, a 
higher initial explosion. This, no doubt, would have a beneficial effect in 
extremely deep shot-holes, and where the charge is an extended one of 
great length ; but to properly charge and tamp a hole under such conditions 
is a matter of great difficulty, and the process is not wholly free from 
danger. It is desirable, however, when blasting rock which is likely 
to be dislodged in large blocks, to divide the charge ; that is, first placing 
one-half the calculated quantity of explosive in the lower part of a bore-hole 
to fix the detonator in position, tamping material being added to a height of 
a few feet) then placing the remainder of the charge on the top of this, and 
repeating the process of fixing the detonator and tamping. Care should be 
taken, when working with double charges, to properly join the shot-hole 
wires to those on either side. 

208. Tampfng the Shot-hole. — The effective tamping of the shot-hol^ 
after the charge has been inserted is a matter of great importance, as the object 
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is 80 to increase th^ resistance as to prevent the escape of the gases generated 
■by the explosion in the direction of the bore-hole. The material employed 
must therefore possess great power of resistance, be of easy application, and be 
free from grit or other hard matter which would have a tendency to cut or 
'damage the insulation of the wires in the shot-hole. Moist clay suits the first 
condition admirably, but its application in tamping the bore-hole occupies 
a considerable time. Sand satisfies the second condition, but even when 
compact, water permits of the gases being insinuated between its particles. 

When blasting powder is used, a sufficiently deep and solid tamping is 
indispensable, and no time should be spared to make it thoroughly uniform 
and tight. The action of blasting powder when, exploded has a lifting 
tendency ; it should, therefore, be tamped entirely with clay in order that 
4;he full explosive effect may be directed on the rock to be dislodged. 

When a charge is fired by detonation, the action being much quicker 
thau with safety fuse, the tendency just mentioned is greatly diminished. 

With the nitro-glycerine class of explosives sand alone is often used ; the 
general effects of the blast, however, are considerably increased by employing 
a few pellets of clay in addition. With a powder charge it is usual to place 
a wad of paper or straw next the explosive before commencing tamping 
operations, and then slightly press the material until a safe height above the 
•charge is attained, when it may be rammed. In tamping a dynamite charge 
it is usual to place some sand in the shot-hole directly on the detonator so 
.as to cover it; a few pellets of moist clay are then gently pushed over 
this for a foot or two in depth, when the ordinary tamping material is 
.ficooped into the shot-hole and rammed with a wooden rod until the surface 
is reached. Care should be exercised to avoid a cushion of air between the 
explosive and the tamping material. 

In either case the man who is deputed to do this work should hold the 
fuse or the wires of the electric exploder in his left hand while he works 
the tamping-rod with the other hand. The least movement of the fuse or 
■wires caused by the tamping-rod coming in contact with them will be 
instantly felt; this enables the operator to avoid the rubbing, which is inju* 
xious to them. Apart from the possibility of cutting or destroying the 
covering or insulation, which in damp shot-holes might adversely affect the 
firing of them, the wires of the electrical exploders may be broken by 
incautious handling and thus rendered inoperative. For this reason the 
tamping-rod is sometimes made with a slanting instead of a square end, 
«s shown in fig. 81. It will be seen that the point a will always have a 
tendency to rub hard on the rock face of the bore-hole farthest away from 
the fuse or wires, thus guarding against the least possible chance of damtging 
them. After the tamping-rod is placed in the bore-hole, however, it may be 
uncertain at which side the point a is situated. To obviate this difficulty it 
is advisable to run a groove diametrically opposite to the point a the whole 
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length of tbe rod, then by obserration it can be held in the position which 
will keep the point u clear ot the fuae or wires as possible. 

Tamping shot-holes charged with the nitro-compounds hj means of water- 
has many advocates and is eztenaiTely made nse of, bat in the anthor's 
experience such a method of tsmping has not been attended with satisfactory 
resalts, and is certainly not to be compared in any 
way with the system of tamping described in the pre- 
ceding paragraphs. 

201. Katnre of an Explosion of Kitro-Com- 
ponndB. — It is generally believed, even by those of some 
experience, that the direction of impact of the nitro- 
eomponnda, when exploded, acts in a downward direc- 
tion. This is not the case, however, as may be inferred 
by oonsiJering the following facta, which do not 
justify tbe general use of water as a means for tamp- 
ing ehot-holes. 

If a cartridge of dynamite is snspended in mid-air, 
where the resistance around it is eqnal on all sides, it 
will, provided the explosive is of a uniform compo- 
ution, and is detonated throughout its body simulla- 
neonsly, cause the gases generated to expand equally in 
all directions. The only difference between the explo- ''«■ 81.— Tamping 
■ion of a charge of blasting powder and that of a 
dynamite cartridge is one of degree, the latter being much more quickly con- 
verted into a gaseous state; hence its action is rapid. If a cartridge of 
blasting gelatine or dynamite be placed on a block of stone and detonated, it 
is possible that under most circumatances the stone will be cracked in 
several directions. This does not prove, however, that the impact is entirely 
downwards, as only a limited amount of the explosive effect created may have 
acted in this direction by reason of its rapid action on the surface of the 
stone. A cartridge of the same kind and strength placed in the bore-hole 
of a block of stone of equal size and sulidity and effectively tamped — in other 
words, similar to the one already operated upon — having equal resistance all 
ronud, would cause it lo be shattered and the fragments would probably be 
thrown in all directions. It will thus be seen that, with an equal resistance, 
tbe gases generated by the explosion of dynamite will expand equally in 
every direction. Should the resistance be unequal, however, the explosive 
effect will be deflected in the direction of the line of least resistance. Hence 
in ahot-boles tamped with water it sometimes happens that tbe deflected 
energy of the explosive follows the bore-hole, as it easily overcomes the 
resistance of the water, and expends its useful effect in the air. This 
explanation of the nature of an explosion of the nitro-compounda ib amply 
borne ont In practice. In carrying out some quarrying operations the 
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Author had occasion to make use of water tamping, not as a matter of 
■expediency, but from necessity. Of twelve shot-holes which were fired 
simultaneously three simply discharged the explosive into the air and on 
the quarry face opposite, the result being devoid of any useful effect, Two 
of these bore-holes were in a horizontal position and one vertical ; from the 
last mentioned a small piece of loose rock surrounding the mouth of the hole 
was projected to a considerable height, and subsequently fell within a few 
feet of its previous position in the quarry. In bore-holes generally 
(especially in those drilled in a vertical direction) when there is a continuous 
flow of water (as was the condition of things in the case mentioned), it is 
advisable to place a few pellets of clay over the charge and to 611 the 
remaining portion of the hole with sand. This assists in confining the gases 
when expanding, and therefore increases the effective results. Similarly, if 
-the full force of an explosion is deflected when an accidental explosion of 
the nitro-com pounds takes place, distant objects may be damaged, while 
■objects comparatively near in different directions may not be affected* 

205. Connecting the Shot-hole Wires. — When two or more shot-holes 
are to be exploded simultaneously, the wires leading from the detonators 
require to be joined to those on either side and also to the cables leading to 
the blasting machine, so as to form a complete metallic circuit When the 
wires from the shot-holes are not long enough to join those on either side, 
it is necessary to make use of connecting wire, which should be of the 
.same quality as the detonator wires and of a similar diameter. These latter 
are made from ^^th to ^ud of an inch in diameter, and are insulated with 
•paraffined cotton wound double, or with gutta-percha or fibre composition. 
The mode of joining the wires is to cut off the insulated covering for about 
3 inches from the end of each wire, and then twist them together firmly in 
a somewhat reverse fashion, as shown in fig. 82, 

The bare ends should be scraped with a knife, as the contact surfaces 
^ust be clean, bright) and free from dirt or grease. These bare con- 




Fig. 82. — Method of connecting wires. 

sections when the ground is wet should be protected by covering them 
with insulating tape; this is especially necessary when the explosion of 
the charge is effected by a blasting machine generating a high tension 
current. 

206. Circuits : different methods of connecting-up.— In effecting the 
metallic circuit between the shot-holes and the end of the cable wires, three 
different systems may be adopted in coupling-up the detonators, vi2.| (1) in 
aeries, (2) in parallel, or (3) in a manner combining both systems. 
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(1.) Series Circuit. ^Ihe method known as the series circuit, or con- 
necting the wires in series, and shown in fig. 83, is the one most freqaently 
adopted when low tension or quantity detonators are used, which arrapgement 
«an be tested previous to firing. It affords a simple and effective means of 
iormlng the connections. Its only disadvantage is that a single defective 




Fio. 83.— Oonnecting the shot-hole in series, 

•detonator or faulty shot-hole wire will prevent all the otl^ers being fired, 
and cause what is termed a misfire ; but by testing the exploders previous 
to inserting them in the shot-hole the risk of the defect mentioned may be 
reduced to a minimum, 

(2.) Parallel Circuit — ^The mode of connecting the wires in parallel or 
direct circuit is shown in fig. 84 ; the wires of each shot-hole are in direct 
communication with the cables, and as they are independent of each other^ 
they are free from the disadvantage incidental to the series method of 
forming the connections. The great amount of wire necessary to form the 
connection by this system, especially when there are a considerable number 
'Of shot-holes to be fired, increases the cost of the operations considerably. 








Fia. 84. — ConnectiDg the shot-holes in parallel. 



The connecting wires, instead of being placed so as to take the circuitous 
direction indicated in fig, 84, may be arranged in straight line between 
the shot-holes and the ends of the cable wire. They must, however, be kept 
entirely separate from each other in order to avoid complications, and the 
hare parts must be properly protected to ensure perfect insulation. 

(3.) Series and Parallel Circuit — The other method which may be 
adopted is a combination of the series and parallel circuits ; this arrange- 
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ment is show^ at fig. 85. It will be obeerved that should a dafective^^ 
detonator exist in the front row of shot-holes a 6, none of the others in 
that row can be fired ; conseqaently, the back row of shot-holes, if they are* 



Fig. 86. — Conuectisg the shot-holes in series and paralleL 

in order, will be exploded. The force exerted, however, will not be 
sofScient to dislodge the rock in front, which, had the charges in all the^ 
shot-holes been exploded simultaneously, would have been effected* 

207. Connectiiig to Gables and Terminals of the Blasting Machine. — 
A wire from each of the detonators in the shot>holes nearest to the blasting 
machine is connected to the ends of the cable; and the other wire, as- 
abeady explained, is connected to the next shot-hole wire when in series,, 
and to the other cable when the parallel circuit is adopted. 

The double cable is preferable for open quarry blasting ; when high* 
tension detonators are employed the material of which the wires are com- 
posed is of little importance ; it may be of iron. For low-tension detonators- 
the leading wires or cables are made of copper, and of a comparatively laige 
section, so as to admit of as small a line resistance to the current as possible* 
They are protected by guttsrpercha or other suitable insulating composition, 
and for convenience in using and storing should be wound on a reeL This^ 
is a matter of some importance, as, when a cable is used without such an 
accessory, the time lost and the trouble occasioned by the wires becoming a 
tangled mass is very great, and result in the insulation being destroyed, and 
possible damage to the wires. As the blasting depends on a thoroughly 
efficient metallic circuit it is necessary, before using the cables in actual 
work, to test this by attaching them to the blasting machine and holding th& 
free ends together, when, if they are in good order, a Spark will appear on 
the current being sent through the cable wires. 

208. Firing or Blasting Machines. — Machines for exploding the 
detonators, and consequently detonating the charge in the bore-hole, are, as 
may be inferred, of two kinds. The blasting machine for firing tension 
detonators must be capable of producing a high tension or voltage, this being 
necessary to decompose the priming compound contained in the cap or 
detonator. The chief advantage of this class of blasting machine is the small 
effect of line resistance upon the current, in consequence of which the 
charges in the shot-holes may be situated at a relatively great distance from 
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the blasting machine. As there is no possibUity of testing high tension 
detonators except in actual blasting, it is usual to connect or couple up the 
shot-holes in parallel, so that each may be independent of the other ; this 
minimises the trouble which may be experienced from a misfire should a 
faulty detonator happen to be in the circuit. 

All the wires connecting the blasting machine and the detonators iti the 
shot-holes must be perfectly insulated, however, as the smallest leakage of the 
electric current will greatly reduce the useful effect in blasting, and possibly 
lead to total failure. The high tension type of blasting machine is much 
employed in mines, and in single-shot firing ; those principally used in this 
country are known as the ' Rackbar Exploder ' (Smith's), and the ' Siemens' 
Exploder.' The Rackbar blasting machine, weighiug 42 lbs., is capable of 
exploding simultaneously twenty-six high tension detonators in parallel. 
The Siemens' Exploder can only be used for firing high tension detonators, 
and is made of different sizes. The smallest size, 100 volts, weighs 8^ lbs., 
and can fire sixteen detonators, while the largest size, having four times that 
voltage, and weighing 21 lbs., can fire twenty -five high tension detonators. 

For general quarry operations, however, the low tension system of blast- 
ing is in most favour, and possesses many poiuts of great superiority com- 
pared with that of high tension ' exploders.' Low tension detonators possess 
the advantage that they can be tested, previous to being inserted iu the shot- 
hole, by means of an electric galvanometer or by an electric fuse and blast 
tester. There is also the additioual advantage that the whole charge can 
be tested by a weak current of electricity before connecting the leading wires 
to the blasting machine. 

This testing machine is of great convenience, for, although detonators are 
uow manufactured with great care, and seldom cause a misfire when proper 
care is exercised in handling them, still a detonator-testing machine is a valu- 
able accessory to a blasting outfit, and its use may save considerable trouble 
and expense. 

It is not of great importance that the wires for blasting on the low 
tension system should be thoroughly insulated, as bare wires are often used ; 
but in damp places it is advisable to employ insulated wire, and to cover the 
joints or places where the connecting wires are coupled-up to avoid any 
possible escape of the electricity. The line resistance in connection with 
blasting machines generating a low tension current necessitates the employ- 
ment of copper wire (as already mentioned) for the cables, which need not 
be of great length for ordinary quarry work. The length of the leading 
and connecting wires has a considerable influence on the total resistance in 
the circuit, consequently as this becomes greater the number of shot-holes 
which can be fired effectively will become less. 

It is therefore usual to connect the shot-hole wires in series, because, as 

the detonators can be tested prior to the blasting taking place, there is but a 

L 
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small chance of a misfire. When the means of testing the detonators are 
not at hand the wires may be coupled-up in parallel, but of coarse a less 
number of shot-holes can then be fired simultaneously. 

209. The principal blasting machines for firing low tension detonators 
used in this country are * Siemens* Exploder/ * Kackbar Exploder ' (Smith's 
Blasting Machine), ' Crescent,' and * Victor.' 

The Backbar exploder or Smith's blasting machine, already mentioned, is 
extensively used in this country. It is a very serviceable machine, the largest 
size being capable of firing twenty-six high tension or thirty-five low tension 
detonators; it is of simple construction, and very effective when properly 
manipulated. The Crescent blasting machine is of strong construction, and 
although of considerable weight it is a very effective machine, being capable of 
firing thirty-five shot-holes simultaneously. This is the only electric blasting 
machine, so far as the author is aware, which discharges a uniform current 
of electricity on every occasion, no matter who may operate it. To obtain 
the best possible results with the other machines mentioned the operator 
must have had some previous experience, as it is possible to give a weak 
or a strong current at will, or by improper manipulation. Even those 
experienced have difficulty at times in operating these machines so as to 
discharge exactly the same quantity of current at each operation. 

210. Figs. 86, 87 illustrat<e the interior construction of a Smith's or 
Backbar blasting machine, which, for effective working, compares favourably 
with any of the others, while the small size and moderate weight are greatly 
in its favour. 

They all depend on the manner in which the electric current is generated, 
which is practically the same as in a dynamo. 

The iron magnet A is of the horse-shoe type^ wound about with coils 
of insulated copper wire, and between the poles of the magriet there is a 
revolving cylindrical armature B, on the body of which insulated wire is 
coiled longitudinally. The rapid revolution of the armature generates and 
sustains in the machine an accumulative current of electricity of great power, 
which at the moment of its maximum intensity is switched off to the outside 
circuit, in which are the detonators. C is a loose pinion, its teeth engaging 
with the rackbar G, and, by a clutch, engaging with the spindle of the arma- 
ture in the downward stroke of the rackbar. D is a spring which, when 
struck by the foot of the descending rackbar, breaks the contact between two 
small platinum bearings E, and causes the whole current of electricity to 
pass through the outside circuit. F is the commutator, while at H are shown 
the binding-posts or screws, to which the cables are attached. These 
machines are sometimes made with three wire connections, namely, two 
out-current wires and one in-current or return cable. It is claimed that 
more effective work is performed by machines possessing this arrangement, 
but as yet few of them are in actual use. 
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211. Final Arrangenieiltfl for Blastmg. — Ths final arrangement neces- 
sary to be made in carrjiog out the blasting is to place the macbine at a safe 
distance from the quarr; face, bo that tho operator and the machine itself 
will be out of reach of any pieces of rock which may accidentally be 
projected from the shot-holea when the charges are exploded. In most cases 
100 to 150 yaids is a safe distance, and provided the bore-holes are deep and 
the tamping is properly executed, there is little chance of any mishap 
occurring at this distance. In blasting, the rock operated on falls or is 
thrown in the direction of the least resistance, that is, from the rock mass 



Fios. 8S, 87.— Sections of Smith's bluting mochiae. 

towards the open portion of the quarry. The blasting machine, therefore, 
should be placed in a position opposite in direction to that in which a rock 
mass is expected to fall, so as to ensure its being placed in the least exposed 
sitnatioa It is always necessary to bear in mind that from some cause or 
other a few detached pieces of rock may be projected upwards in an inclined 
direction; therefore, when consistent with the preceding observations, it is 
advisable to locate the position of the blasting machine so that the operator's 
view of the quarry will not be interrupted by the sun's ray?. 

The cables are then counected to the binding-posts or tbumb-Bcrews of 
tbe bhistii^ machine, the workmen ate ordered to retire to a place of safety, 
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everything is made ready, and the customary signals are exchanged. The 
handle or rackbar is then put iu operation, and the requisite electrical 
current generated, which is switched off into the circuit, when, if everything 
is in proper order, a simultaneous explosion wUl be the result, accompanied 
by a low rumbling noise which indicates effective work. 

212. As a substitute for electrical firing, friction fuses have been em- 
ployed at times, and also instantaneous fuses ; the latter are still much used 
in some of the large quarries in England and Wales. 

213. The instantaneous fuses or voUey-firers made by the firm of Beck- 
ford, Smith & Co., of Tuckingmill, which are claimed to act simultaneously, 
differ from this firm's ordinary safety fuse in having a core -of cotton wick 
which has been drawn through a paste of meal powder, instead of a powder 
train. When it is desired to fire several shots by means of this fuse, the 
required number are inserted into a tin socket or volley-firer,at one end of which 
is a plug of wood perforated to receive the time-fuse for igniting the instan- 
taneous fuses leading to the shot-holes, and all the shot-hole fuses are con- 
centrated in the receptacle and brought into contact with the disc. A gun- 
powder disc is placed against the plug, the whole being insulated with 
gutta-percha. The instantaneous fuse burns at the rate of 50 yards per 
second, and for open quarry work the T-pattern of volley-firer is generally 
made use of when the fuse is of any length. 

These fuses have to be specially made when the number of the shots and 
the distance apart is great, which particulars must be ascertained some time 
previous to the blast taking place. As a matter of convenience, they are 
generally made up and connected by the makers at their works. 

This method of firing may be approximately simultaneous for a few shot- 
holes, but when a large number are intended to be ignited at once, the vary- 
ing lengths of the patent fuse must necessarily mean a difference of time, 
and although to all appearance the explosion is simultaneous, it is evident 
that a few seconds must elapse between the actual explosion of several of 
the charges. With electrical firing this is not so, as the current must pass 
from the blasting machine through the outer circuit and return to it again 
before all the detonators can be exploded. For quarrying in mines and 
tunnels Beckford's patent fuse, when a limited number of shot-holes are 
to be fired, may be adopted with great advantage. 

214. Misfires. — ^Should a misfire occur, which unfortunately happens 
sometimes in practice, it may be traced to various causes, such as (1) a 
defective detonator, (2) faulty shot-hole wires, brought about by careless 
handling, (3) the weakness of the current generated by the blasting machine. 
The first two causes should not occur in. low tension blasting, as they are 
discoverable by testing previous to firing. The best way of guarding 
against the third cause is not to have more shot-holes than the machine will 
fire with certainty. 
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The manner in which a misfired shot-hole may be relieved, an operation 
not wholly free from danger, is to remove a small quantity of the tamping, 
insert another one or two detonators, re-tamp with clay, and fire in the 
ordinary manner. The vibration or detonation of the newly inserted detona- 
tors gives rise to a sharp shock, which may, and does at times, cause the 
charge to explode. 

Should this means fail, and should it be absolutely necessary to explode 
the charge, then the tamping must be extracted, a process requiring great cau- 
tiouy perseverance, and time. When the tamping forming the cushion on 
the top of the explosive is reached, another detonator is inserted and the 
shotrhole re-tamped ; on the charge being connected, it will in all proba- 
bility be exploded. Another method of attaining the same object is to drill 
another bore-hole a few feet distant from the misfired one, and to a depth 
which will nearly reach the level of the top of the explosive in the hole 
which has failed to go off. This new bore-hole is then charged and fired, 
the loose rock carefully removed until the charge in the misfired shot-hole is 
reached, when by inserting another detonator and connecting the wires to 
the blasting machine, the charge can be fired. 

When a bore-hole charged with blasting powder fails to explode, the 
cause may be traced to some inherent defect in the fuse itself, or to its 
having been damaged during tamping operations. The only means of 
rectifying this is to remove the tamping material, and to apply another piece 
of fuse, whereby the ignition and explosion of the charge will in all proba- 
bility be effected. 

215. Recording Obaiging Operations. — It is obviously most essential in 
quarrying operations, to record reliable data respecting the charging of the 
bore-holes. The depth from the surface of the rock to the top of the ex- 
plosive in any particular bore-hole being known, the preceding operations in 
connection with a misfired shot-hole are possible, but when such information 
is wanting, it adds considerably to the difficulty, and may be the means 
of introducing an unnecessary element of danger during the operations. 

216. General Deductions. — The following observations will indicate the 
superior economy and safety of machine-drilling combined with electrically 
fired high-grade explosives over the old method of blasting powder ignited 
by safety fuses, which in still used in some quarrying operations. 

Deep holes tend to economy in drilling, if properly placed as regards 
position and direction, while the charges of the explosives when determined 
according to the proportion of rock to be dislodged, ensure useful work being 
accomplished. 

The method usually followed of simply guessing what amount of explo* 
sive should be used to loosen a piece of rock, is wasteful in most cases, 
while the results obtained are variable and generally unsatisfactory. It may 
happen that an insufficient charge is made use of, dislodging the mass of 
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rock in large blocks ; this necessitates a considerable amount of additional 
labour, in order that they may be reduced to a proper size. On the other 
hand, an excessive amount of explosive may be placed in the shot-bole, 
which will reduce the mass of rock to such a size as to entail considerable 
loss, owing to its being unnecessarily shattered. Another result of over- 
charging, and which happens in the majority of such cases, is brought about 
by the gases expanding, and (owing to the small resistance offered) throw- 
ing the shattered rock in all directions, even beyond the limits of the quarry. 
This necessitates its being collected and removed, and adds to the cost of 
the operations. It will be obvious from these observations that in order 
to properly estimate the amount of explosive necessary for dislodging a mass 
of rock it is essential to observe the directions of the fissures and determine 
the approximate charge from actual measurement of the cubical contents of 
the mass of rock to be dislodged. The methodical procedure of the experi- 
enced blaster always conduces to economy. 

The simultaneous firing of the shot^holes reduces the total amount of 
work necessary, a less number being required ; and, as compared with 
single-shot firing, there is a corresponding reduction in the quantity of 
explosive for a given quantity of rock to be dislodged, which means a great 
saving of expense. 

Vertical holes should always be put down when possible, as the amount 
of explosive necessary to break up the rock into suitable pieces is consider- 
ably less for vertical than for bottom or breast bore-holes. When a 
quarry face is of considerable height, it will be more economical to work 
it in benches or terraces, varying from 15 to 20 feet deep and 12 to 16 
feet wide, and by drilling vertical bore-holes. 

There is no such a thing as * hanging fire ' when an electrical current is used 
as a means for firing the charges. If the shot-holes do not go off when the 
blasting machine is operated, the men can at once approach the quarry face 
with absolute safety, the only precaution necessary to be observed being to 
disconnect one of the cable wires in cerUiin blasting machines, or to remove 
the handle, which should be retained by the operator. This precaution, 
during the temporary absence of the man in charge, prevents the machine 
being tampered with and a possible accident, which is, however, a very 
remote contingency. 

With safety fuse it is otherwise, as almost all the accidents in connection 
with such blasting operations are brought about by their proving defective 
in some way or other. This fault may cause the fuse to * hang fire,' and 
the workmen, probably after waiting for ten or fifteen minutes, approach 
the quarry face, when without warning, as has happened times without number, 
the charge explodes and the result may terminate fatally for those in close 
proximity. It requires but little reflection to understand that blasting by 
means of electricity is highly conducive to the safety of the men employed, 
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which is a feature in itself sufficiently important to make its application 
univeisal. When a large number of shot-holes are fired with safety fuse, 
and the contingency of misfires almost inseparable from this method of 
blasting is considered, it will be obvious that an excessive amount of time 
is lost each day. In quarries from which large quantities of material are 
turned out, the time thus lost would be entii*ely obviated by electrically 
blasting the rock. 

The method by which the bore-holes are drilled, the shot-holes charged 
and tamped, and the blasting carried out, having been fully described, it 
now remains, so far as these operations are concerned, to ascertain what 
the cost of quarrying amounts to per ton of rock dislodged. The tirring 
or stripping may vary considembly, and the price for this work per ton 
of rock quarried will depend on the height of the quarry face in relation 
to that of the depth of tirr or overburden removed. 

217. Cost of Working Eock Drills. — The author has found from experi- 
ence, taking the work performed by a rock drill when boring from 35 to 
42 feet of 2^-inch holes each day, that the rock after blasting and weighing 
averages from 250 to 300 tons. In other words, each 14-foot bore-hole, 
when blasted, produces about 100 tons of rock. From these data it can be 
easily ascertained what the cost of drilling amounts to, and from that the 
price per ton of rock quarried may be deduced. 

Tirring or stripping may be taken at 0'68d. per ton of rock quarried. 



Table XX. 

Cost of working rock dnll per day of nine hours. 

Engine or boiler for generating steam, and attendant 

(hired), lis.; coals, 6 cwt. at 12s. per ton — Ss. 7d., 
Drill- mnner, 48. 2d.; assistant, Ss. 6d., . 
Dressing and tempering drill-bits, 4d. to 6d., according 

to their condition, each drill-bit boring on an average 

4 feet before it requires to be dressed, .... 

Oil and waste for drill only 

Team work, carting coals and water for engine, and the 

drill-bits to and from the smithy, proportion of day's 

work, 

Repairs, depreciation, and tools, allow .... 

Total, 

Taking the amount of rock produced, after blasting, as 250 tons for 
each day's work, it will be found that the drilling operations cost r65d. 
per ton. If the quantity be taken at 300 tons for a day's work, then the 
cost for drilling will be r38d. per ton. Each foot of bore-hole drilled. 
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taking 35 feet as a day's work and the working expenses as above stated, is 
found to be Il*80d. or nearly one shilling; while if 42 feet per day is taken 
it equals 9'83d. per foot of hole of the diameter stated. 

In quarries where drilling operations are carried on nearly eveiy day 
during the year, the cost of providing the motive power may be consider- 
ably reduced. The team work is dispensed with when the supply of water 
is conveniently near, while the proximity of a smithy further tends to 
reduce working expenses ; but these items of expenditure are inseparable 
from the o|>erations carried on under the conditions mentioned in the 
preceding paragraphs. 

A smith who has some experience in dressing and tempering drill-bits 
will perform the work more expeditiously, and the results will be better 
than where the work is done by one only occasionally employed in this 
class of work. The price for dressing a drill-bit under the circumstances 
mentioned need not exceed 4d. each, provided they are only moderately 
dulled, but it may be 6d. if the drill-bit requires more labour to bring it into 
proper shape. 

The cost of explosives varies according to the class made use of, bat 
taking dynamite containing 75 per cent, of nitro-glycerine as that used in 
charging the bore-holes, the price, when obtained in small quantities for 
blasting one quarry, and where it is intended to dislodge about 1000 tons 
of rock, may cost as much as Is. 3d. per lb. 

218. The conveying of the explosive from some local magazine to the 
quarry where it is to be used, and thawing it when frozen, will increase the 
price by at least one penny before it can be placed in the bore-hole, and 
bring the total cost to Is. 4d. per lb. 

Dynamite, and indeed all explosives, when purchased in large quantities 
of say 1000 lbs. and upwards, can be obtained at a considerably less cost, 
in some cases to the extent of 35 per cent. Economy and convenience 
will therefore be secured by having a suitable store or stores situated 
centrally in the district, from which the different quarries can be supplied. 
A description and drawings of a mixed store for this purpose will be 
found at the end of this chapter. By having a store for keeping the 
explosives required the dynamite of the grade mentioned can be pur- 
chased, when taken in large quantities, for about 9}d. per lb. delivered 
at the store. When the building is situated centrally the cost of con- 
veying the explosive is reduced considerably in the majority of cases^ 
and an allowance of one halfpenny per lb. will cover the outlay for this, 
and also for the time occupied in thawing the explosive, should it be 
frozen. 

219. One pound of this grade of dynamite, as has already been pointed 
out, will throw and break up 14 tons of rock when the shot-holes are fired 
simultaneously by electricity, but allowing 12 tons of rock to each pound 
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of explosive used, the cost will thus be 0*84d. for each ton of rock 
dislodged. 

220. The cost of the electric platinum detonators, containing a charge of 
about 15 grains and having shot-hole wires 10 feet long, including con- 
necting wire (which can be used again if not destroyed during the blasting 
operations), may be taken at 2d. for each shot-hole, or 0'02d. per ton of 
rock dislodged. The time occupied in charging the shot-holes, fixing the 
detonators in the primers, tamping, and connecting the shot-hole wires, 
varies considerably. If the bore-holes are in solid rock, little trouble will 
be experienced in carrying out these different operations ; in seamy rock, 
however, the time necessary to carefully and properly perform the charging 
and tamping will be greatly increased. Taking an average, experience shows 
that the whole operation occupies four men (two pumping out the bore- 
holes and conveying the explosive to the other two men charging) one hour 
for every 40 lbs. of explosive stemmed in the bore-hole, ready for blasting, 
including all the other necessary work involved. Five shot-holes can, 
on an average, be completed in an hour; so that, allowing for coupling- 
up the connecting wires and cables, an inclusive sum of 4^d. to 5d. may 
be taken as representing the cost for this work for each bore-hole. This 
is equal to 0'06d. per ton of rock. 

221. Sledging the Bock for Hand or Machine Breaking. — The last 
operation consists of mashing or sledging the larger pieces of rock small 
enough to suit the hand-breakers for producing road metal or for a breaking 
machine, the general size being about 16 inches by 9 inches. The price per 
ton for this work depends upon the ease with which the rock can be broken. 
The quantity of rock of a siliceous nature which one man can sledge in 
a day of nine hours, including a large proportion of rock already small 
enough, is on an average about 20 tons ; so that the cost would be 2|d. per 
ton quarried. Should the rock be of a very tough nature, and especially 
if it is in large blocks, the yield per day may only amount to 12 tons. 
An average of these quantities, namely, 16 tons, fairly represents an ordinary 
day's work by one man. When vertical bore-holes alone are drilled, the 
cost of sledging is materially reduced, by reaAon of the mass of rock falling 
to the quarry floor being broken into smaller blocks. 

The cost of sledging, therefore, allowing Ss. 8d. per day for each man 
engaged in this work, and including an allowance for tools and repairs, 
amounts to 2*75d. per ton. 

222. All the items summarized for tbe different operations involved 
in quarrying the rock to a size suitable for a 16 inches by 9 inches stone- 
breaking machine are as follows : — 
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Table XXI. 

Cost of quarrying rock 'per ton, including mashing or sledging. 

Pence per ton. 

Tirring or stripping, ........ 0*68 

Drilling, including repairs and depreciation, . . 1*65 

Explosives, 0*84 

Detonators and connecting mre, 0*02 

Time occupied in charging the shot -holes, fixing the de- 
tonators, tamping, connecting the shot • hole wires, 

arranging the cables, etc 0*06 

Mashing or sledging 2*75 

Cost per ton, . . 6*00 

From this summary it is apparent that the cost of sledging is relatively 
high compared with that of explosives. The great object to be attained is 
the use of just a sufficient amount of explosive so as to save after manipula- 
tion, but at the same time overcharging the bore-holes should be avoided, 
which, besides scattering the rock about, reduce it in many instances to a 
size too small for the purpose intended. 

In quarries where * sets ' of stone-breaking machines are used it is usual 
to have one at least of these, generally known as a reducing machine, work- 
ing in connection with two or more ordinary macadam breakers. Under 
these conditions the cost of sledging is considerably reduced, as the rock 
does not require to be broken up to the size mentioned, and it may happen 
that the cost for this item disappears altogether. 

223. Actual Cost of Quarrying in Boad-stone QuarrieB. — Referring 
now to the results obtained in every-day practice, the following particulars are 
given for three different quarries from which material is taken for macadam- 
izing purposes : — 

Road-stone quarry No. 1. 

Fig. 68, p. 137, shows the position and direction of the bore-holes, the 
height of the quarry face being 27 feet at one end and 40 feet at the other 
end. The rock is of a highly siliceous nature and very seamy in parts, 
while about 60 per cent, of the total amount of rock quarried is of a 
very hard and solid nature. The quantity of material required was 
4000 tons. 

The total cost of tirring, drilling, etc., is given in detail, and the relative 
cost of each item is also shown, the actual amount of rock quarried being 
4158 tons. 



QUARRYING. 1 7 I 

Tablb XXIL 

AetucU Cast of quarrying in road-stone quarry No, 1, 

including sledging. 





Working 


Cost per Ton 




Expenses. 


Quarried. 


TirriDg or stripping, .... 


£85 11 1 


206 


Drilling, indading traction-engine for 






generating steam (hired), coals, water, 






dressing drill -bits, depreciation of 






drill, etc. 


SO 11 8 


1-77 


Blasting— explosive (dynamite), detona- 






tors, supplying and ooupling-np the 






wires, and time ooonpied in charging 






and tamping the shot-holes, 


16 5 9 


0*94 


Sledging, 


47 9 4 


2-74 



Total cost, . £129 17 5 or 7*60d. perton. 

This is at the rate of 7^d. per ton of rock reduced to a saitable size 
ready to be wheeled on to the platform of the stone-breaking machine. 

It will be observed that the stripping is relatively high. This was 
broaght about by the earth having to be shot over the face of the rock and 
carted a distance of over 100 yards. A considerable number of trees had 
also to be removed, the expenditure incurred being included in this item. 
The cost of the drilling operations includes the boring of breast-holes work- 
ing from a staging ; three days were lost owing to rain-storms, the quarry 
being in a very exposed situation. 

Road-stone quarry No. 2. 

224. Fig. 74, p. 150, shows the position and direction of the bore-holes^ 
the average height of the quarry face being about 22 feet The rock is of a 
hard and tough nature, and, although seamy in places, it is of a fairiy solid 
character. The quantity of material required was 3400 tons. 

The total expenditure incurred in this quarry is tabulated similarly to 
that of the previous case, the actual amount of rock quarried being 3475 
tons. 

Table XXIII. 

Aetiud Cost of quarrying in road-^tone quarry No. 2, 

including sledging. 

Working Cost per Ton 
Expenses. Quarried. 

Tirring or stripping, .... £10 0'69 

Drilling, inoluding engine (road roller), 
coals, water, dressing drill-bits, depre- 
ciation, etc., 19 5 183 



Carry forward, £29 6 2 02 
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Working Cost pw Ton 
Expenses. Quarried. 

Brought forward, . . £29 5 2*02 

Blasting — explosive (dynamite), detona- 
tors, supplying and coupling-up the 
wires, and time occupied in charging 
and tamping the shot-holes, . . 15 1 8 1*05 

Sledging, 39 2*69 

Total cost, £83 6 8 or 576d. perton. 

The tirr iu this quarry was deposited about 25 yards from the working 
face by means of wheelbarrows. The cost of the drilling is under that of 
the previous case, which is accounted for by the motive power for the rock 
drill being supplied by one of the road authorities' steam road-rollers ; the 
expenditure, however, includes a sum for depreciation of the engine. 

The appearance of this quarry during drilling operations is shown at fig. 
88, and the effects of the blasting operations, which show an excellent reflult^ 
are represented in fig. 89. 

Road-gtone quan*y No. 3. 

225. Fig. 75, p. 151, shows the manner in which the bore-holes were 
placed ; a cross-section (fig. 76) is also given, showing the general outline of 
the quarry face. The rock in this quarry is a hard and very tough basalt, 
and of a very solid nature. The amount of material required was 2000 tons, 
and the expenditure incurred for the quarrying operations is detailed in 
same way to that in the previous cases. The total quantity of rock 
quarried turned out to be 2102 tons. 

Table XXIV. 

Adual Cost of guarrying in road-slone quarry No, 3, 

including sledging. 

Working Cost per Ton 
Expenses. Quarried. 

Tirring or stripping, . . . . £4 7 7 0'50 

Drilling, including engine (hired), ooals, 
water, dressing drill -bits, depreciation 
of drill, etc., 14 4 6 1*62 

Blasting — explosive (dynamite), detona- 
tors, supplying and ooapling-up con- 
necting wires, and time occupied in 
charging and tamping the shot-holes, 10 2 9 1*16 

Sledging, . 28 9 8 8*26 

Total cost, £57 4 1 or 6*58d.perton. 
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The cost of tirring in this case is exceedingly low, the rock being at the 
Borface, with a few pockets of earth dispersed over the area operated on. 
The drilling turns out very well, considering the extremely hard nature of 
the tock. The cost of blasting is above the average ; the character of the 
rock was such that in calculating the throw 10 tons of rock were con- 
sidered sufficient for each pound of explosive used. 

The sledging is a heavy item, the material when blasted being of a 
similar size to that of the previous quarry (road-stone quarry No. 2), but 
the tough and stubborn character of the rock necessitated additional men 
being employed to break it up in order to keep the stone-breaking machine 
constantly at work. It may be mentioned that the rock in this quarry had 
defied the efforts of many contractors to put in a bore-hole, owing to the 
hard nature of the material. The jumpers could not be made to stand the 
work, 2 to 3 inches being all that it was possible to bore without re- 
sharpening. 

The appearance of the quarry face, when the rock drill was working and 
previous to blasting, is shown in fig. 90, and the amount of rock dislodged 
after blasting is represented in fig. 91. 

The cost of quarrying by machinery and blasting, as detailed on p. 
170y is a mean result of working in twelve different quarries, including 
those just described, and may therefore be taken as an average in esti- 
mating the cost of quarrying in connection with the production of 
.macadam. 

226. All the quarries under the author's jurisdiction are worked during 
the summer months only, and in order to arrive at the cost when drilling 
and blasting operations have to be carried on during the winter season also, 
an allowance must be made for the short day inseparable from this time of 
the year, and for other circumstances. The cost of labour, which of necessity 
varies in different parts of the country, will also more or less affect the 
expenditure. 

227. Cost of Quarrying by Iffanual Labour. — The cost of quarrying 
by manual labour, that is, by hand-boring, blasting with powder and fuse, 
inclnding mashing or sledging, varies considerably, and may range from lOd. 
to Is. 6d. per ton. For a small quantity of material, which is to be removed 
from the quarry in an intermittent manner, the cost of quarrying one ton of 
rock reduced to a size suitable for the hand-breakers may be taken at Is. Id. 
This figure, in order to make a comparison with the method described in the 
foregoing paragraphs, is apportioned to the several items which make up 
the cost of quarrying one ton of rock. The following sub-division may be 
taken as an average, although some of the items vary widely in different 
quarries. The price for such work is usually quoted and paid for at so 
much per cubic yard ; the cost of quarrying one ton of rock, therefore, has 
been deduisdd from it. 
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Table XXV. 

Cost of quarrying one ton of rock by hand-boring and single-shot blasting 
with powder and fuse, in the same quarries where the rock dHU has been 
at work. 

Pence per ton. 
Tirring or stripping (9ame a^ in Table XXI.) . 0*68 



Boring IJ-inch holes 
Blasting— powder, fuse and caps 
Tamping and firing— time only 
Sledging or mashing 



4*19 
0-82 
0-31 
7-00 



Cost per ton quarried . 18*00 

The cost of tirring is of course the same as in the case mentioned at 
page 170, and the cost of the explosive and fuse is similar to that in the 
case of using dynamite in machine-drilled holes and firing electrically. 
The cost of boring by hand, however, is about 2^ times greater than that 
of machine drilling, while the mashing or sledging is 2^ times as much 
as when the material is blasted with a high-grade explosive having a 
rapid and violent action, and the shot-holes are fired simultaneously by 
electricity. 

When, however, the material is quarried by hand for a stone-breaking 
machine, the amount of rock necessary to keep the machine constantly at 
work is such that the limited length of face in most road-stone quarries 
precludes the employment of a sufiicient number of men to keep up the 
necessary daily supply of material. Even if this were possible, the 
risk of damaging the breaking machine and engine while blasting, and 
the delays occasioned thereby, would curtail the output of macadam from 
it considerably. Another point which militates against this arrangement, 
assuming it was possible of attainment, is the increased distance the 
material would have to be wheeled, which would necessarily increase the 
total cost. When the rock which is to be broken by a machine is quarried 
by hand, it is necessary to start the quarrying operations months before the 
time when it Ls intended to commence breaking. The quarried rock must be 
stored in a cairn as high as possible, so that the labour of transporting the 
stones to the breaking machine may be reduced to a minimum. This at least 
will cost 2d. per ton, which, added to the expense of quarrying, makes an 
inclusive price of Is. 3d. per ton of rock stacked ready for breaking operations. 

228. OompariBon of Cost by the two methods of Quarrying. — From 
these figures it is evident that a considerable saving is effected by the use of 
machine rock drills, and blasting with high-grade explosives and electricity. 
The cost of quarrying by hand, as detailed in the foregoing paragraphs and 
on the same class of rock as the rock drill has been at work, shows in the 
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iirst instance that there is a saving of nearly 49 per cent., and when the 
liand-qoarried material is stored, of over 59 per cent. 

It is obvious that the economical results obtained in quarrying 
rock by the aid of machinery are undoubtedly great, while the practical 
advantages are none the less striking. For instance, by the employment of 
a rock drill in boring the necessai7 holes, a quantity of from 1000 to 1400 
tons can be quarried in one week, including blasting ; this practically places 
the material in a state for breaking operations. This would mean, in order 
to produce by hand a like quantity of quarried material, the employment 
of twenty-four men each day for a similar period, or a boring squad of three 
men would be engaged forty days in performing a like amount of work. 

229. Cost of Machine-driUing Plant.— The cost of a rock drill, in- 
cluding tripod, weights, steam-pipes, hose, blasting machine and cables, all 
of which have been described in the foregoing sections, amounts to XI 00. 

230. The Storing of ExplosiveB.— " The Explosives Act," 1875, regu- 
lates the manner of storing explosives, and the quantity which may be stored 
under certain conditions. It has already been pointed out how a great 
saving in cost is effected by obtaining any class of explosive in large quan- 
tities, and storing them. For instance, 2000 lbs. of explosive, more par- 
ticularly the nitro-compounds, when delivered in bulk will cost about 35 
per cent, less than the same amount delivered in small quantities at a time. 

The difference in cost on the quantity mentioned will be £50, and the 
saving effected may be taken at £25 per 1000 lbs. of dynamite or other nitro- 
glycerine compounds. 

The quantity of explosives which may be kept in a store varies according 
to the distance the building is from what are known as * protected works ' ; 
licenses are granted under four divisions, viz., A, B, C, and D, and are 
defined according to Table XXYI. 

Table XXVI. 

A. B. 0. D. 

* Protected Works.' 800 lbs. 1000 lbs. 2000 lbs. 1000 lbs. 

From a dwelliDg-houae, shop, room, 
miDend or private railway, tramway, 
workshop, places where explosives are 
kept, furnace kiln or fire, yards 50 100 160 200 

If the licensee occapies these 'pro- 
tected works,* or the premises on 
which they are situated, or if the 
occupier gives his consent in writing, 
the distances are reduced to yards 25 50 75 100 

Also from any public road, or path, 
promenade, canal, dock, river, or sea- 
wall, pier or reservoir, yards 25 50 75 .100 
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A. B. C. D. 

* Protected Works.' 800 lbs. 1000 lbs. 2000 lbs. 4000 lbs. 

Also from any public railway, factory, 
cburch, college, school, oourt, market, 
theatre, hospital, or public building, 

yards 50 100 150 200 

Also from any factory or magazine 
belonging to Goyemment, yards 440 8S0 1820 1760 

And from any palace or houae of resi- 
dence of Her Migesty, her heirs or 
successors, miles 2 2 2 2 

Stores may be licensed to contain ' gunpowder ' or * mixed exploaives,' 
and for the work in connection with the production of material for road 
purposes, it is advisable to obtain a license for mixed explosives. The 
quantity of explosives under the divisions A, B, C, and D, refers to gnn- 
powder, and when the nitro-compounds are stored, ^ lb. is allowed in lieu of 
each pound of powder. Thus, in division D 4000 lbs. of powder may be 
legally stored, or 2000 lbs. of dynamite or the other explosives of the nitro- 
glycerine class. If it be found necessary to store both these explosives, then 
a proportion of either may be kept ; for instance, 2000 lbs. of powder and 
1000 lbs. of any other explosive. 

It is not permissible to store the means of ignition in the same place as 
the explosives, unless these are separated by a partition of such strength 
and character, or by such space, as will effectually prevent fire or explosion. 

It is better, therefore, to store the detonators in a separate place or annexe 
situated near to the explosive store. 

281. Description of Explosives Store. — The building must be sub- 
stantially constructed of brick, stone, or concrete, or excavated in solid rock 
or earth, and not liable to ignition. 

The plans of a suitable store for explosives of a ' mixed * description are 
illustrated in figs. 92, 93, 94 and 95. As the drawings are shown in detail 
it is unnecessary to give a full description of them. A few points of im- 
portance, however, will be mentioned, attention to which may save trouble 
and expense in the upholding of the building, in meeting any reasonable 
demands of H.M. Inspectors of Explosives, and in interpreting the details 
of construction contained in the Act. 

The store should be placed, preferably, in a dry situation ; the foundation 
ought to be built on a firm and solid bottom, composed of concrete, if 
necessary. 

The cheapest, and at the same time a very efficient material for building 
a store is hard-burnt brick, and the thickness need not exceed 9 inches, 
unless under exceptional circumstances. The roof should be in the form of 
an arch, but, in some instancesi it is made of timber, covered with gal- 
vanized corrugated iron, 22, B.W.G., screwed to the purlins, and bedded in 
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cement at the gables and wall plates, as shown in fig. 96. Ventilators of a 
zigzag form should be constructed in the walls below the level of the flooring, 
immediately above it, and also at 
tbe roof of the store, a free circula- 
tion of air being desirable to keep the 
explosives in good order, while at 
the same time it aids in preserving 
the woodwork in the interior of the 
building. These should be protected 
on the outside with cast-iron perfor- 
ated plates or bricks, and on the 
inside with wire cloth. The exterior 
of the building should be covered 
with a coating of cement, to ensure 
its being perfectly waterproof. 

Double doors of wood are some- 
times provided, but a door-frame of ^'^- »2.-Plaii of explosive store. 

wood lined on the inside is quite sufficient. To properly protect it from 
being tampered with, a sheet of iron -^ of an inch thick should be spiked on 
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Fio. 98.— Elevation of explosive store. 

to the outside of frame, so as to slightly overlap both.it and the recess, which 
is formed of angle irons, as shown in the drawings. The side at which the 

M 
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door is hung should have the brickwork 14 inches thick, while the aims form- 
ing the binges should be fixed by through bolte and iron plates inside. 
The flooring must be of timber, the interior of the store must be lined with 
wood, and these along with the shelving must be fastened with copper, brass, 
or zinc nails, or with iron uails countersunk and puttied. The woodwork 



FiQ. 94. — Saction of explaaiv« store. 

should be finished by applying two or more coats ot vaniish. The lock 
should be of brass, and all iron, where exposed internally, properly protected. 
It is essential to provide a lightning-conductor, which may be made of 
J-inch round iron, ot of copper tape | inch by ^ inch, properly fixed to the 
outside wall (as shown), and terminating in the earth preferably (damp soil). 



Fio. 65.— Detoiliofdoor. 

2 or 3 yards distant from the store, and 3 feet deep with a copper plate 20 
inches by 12 inches and ^ of an inch thick. All exterior ironwoik should 
be put in metallic connection with the conductoi, the upper end of which 
should be 18 inches above the highest part of the building, and terminate 
with three branches pointed ; these should be gilded or finished with 
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platinum cape to resist oxidatiou. It is necessary to keep the floor and 
shelving of the store free from grit, for which purpose they should be 
swept periodically, and occasionally washed. 

282. Annexe for storing Detonators. — ^The detonator < annexe ' is best 
formed by a box made of iron ^inch thick, 2 feet by 2 feet and 2 feet 
6 inches deep, sunk three-fourth parts into the ground. The lid should 
project I^ inch over the box, and be slightly bent downwards at the outer 
edges to prevent wet gaining access. The lid should be provided with strong 
hinges and brass padlock. The 
interior of the box should be lined 
with wood, and have a suitable 
inner lid or cover. This annexe 
may be placed as shown in fig. 93, 
just clear of the wall of the explo- 
sives store. An additional safe- 
guard iu the form of a high and 
close fence may be erected a few 
feet distant from the store, com- 
pletely surrounding it, and having 
a suitable access in front. It is necessary to provide a pair of boots 
without steel or iron about them, or a pair of goloshes, to be used by those 
entering the store. These should be of a size large enough to wear over the 
ordinary boots or shoes. As a convenient road to the store is a necessity, 
the site selected for the store will mainly depend on the facilities for making 
end properly maintaining such a road. 

288. Cost of Erection. — ^The cost (exclusive of the road access) of 
erecting an explosives store of the dimensions given in the drawings will 
vary according to the place in which it is erected; but the expenditure 
may be taken at from £20 to J&26, if the brick arch is adopted, and about 
£16 to £20 when the roof is formed of timber and galvanized corrugated 
iron, as shown in fig. 96. 

284. An excerpt from the Explosives Act should be affixed on the out- 
side fence ; and the rules and regulations should also be hung up inside the 
store, while the class of the Division should be painted on the outside of the 
door in large letters in the following manner : — 

DIVISION D. 4000 lbs. 



Fia. 96. — ^Timber roof for store with 
galvanized coyering. 



CHAPTEK VI. 

STONE BREAKING AND HAULAGE. 

Stone Breaking. 

285. The material described in the preceding chapter requires a further reduc- 
tion in size before it can be applied to the highways or stored for subsequent use. 

286. Oeneral Conditions relative to Hand-broken macadam. — If the 
macadam is for coating the top of a newly constructed road, or for strength- 
ening an existing one the crust of which has, through neglect or other causes, 
become reduced to such an extent that the material forming the bottoming is 
exposed, then it is necessary to apply metalling, the stones of which will 
pass through a 2|-inch ring, or weigh about 6 ounces. For general surface 
repairs, however, metalling of a somewhat less size may be advantageously 
made use of. The smaller the size the smoother will the surface of the road 
be ; but the size of the metal for any particular section of a road must be 
determined to a certain extent by the amount of traffic which it will have to 
bear, and the nature of the rock from which the macadam is produced. 

On roads over which the traffic is heavy, the tougher kinds of rock, such 
as basalt and syenite, should be of a size which will pass through a 2^-inch 
ring ; while with the same class of material, but applied on a road with only 
moderate traffic, the size may be advantageously reduced to pass through a 
ring 2 inches in diameter. The weights of these different sizes are approxi- 
mately 4 ounces and 3 ounces respectively. Rock of a hard siliceous nature will 
give better wearing results when broken to a size somewhat larger, while 
flints and the harder limestones will be most suitable for surface repairs if 
broken to a size the weight of which varies from 6 to 8 ounces. 

To ensure equal wearing, and consequently a smooth surface, the metal 
should be broken to a uniform size and to a form as nearly cuboidal as pos- 
sible. An irregularly-sized metal cannot resist the wear and crushing effect 
caused by the wheels of passing traffic ; consequently a bumpy surface is 
formed, or, in other words, it becomes ' cupped.' Under these circumstances 
the wear is increased, and the surface of the road becomes irregular, and 
horses and vehicles suffer in proportion. 
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237. These are briefly the main points necessary to be considered in 
determining the best conditions under Ttrhich hand-broken metal is applicable 
to road repairs, especially when the material is intended to be consolidated 
by wheel traffic. The breaking of metal specially to a small size for ordinary 
repairs, although of great advantage to the road under certain conditions, 
increases the cost of production, and in most cases a proportionately larger 
amount of small stuff is produced. This fine material is of little or no value 
on the road, and under certain conditions its presence is pernicious ; to avoid 
this evil it is necessary to screen the material so as to separate it from the 
regular-pized stones. This additional manual labour increases the cost of 
production, which, at a low estimate, may be taken at 3d to 4d. per cubic 
yard. 

238. Quantity of macadam broken by Hand per Day. — A good hand- 
breaker can produce from 3 to 4 cubic yards of ordinary macadam per day 
out of such material as flints, the harder limestones, field stones, and river 
gravel Whinstone of a siliceous nature, when the rock is reduced to a size 
similar to that mentioned in the preceding chapter on quarrying, may be 
broken by hand at the rate of 2 to 2^ cubic yards per day, while syenite, 
basalt, and the tougher kinds of whinstone can be broken up at the rate of 
from one-half to one cubic yard in a similar time. The number of hours which 
a man works when breaking road metal depends upon circumstances. If 
engaged on piece work a hand-breaker may work for twelve hours on a 
stretch, producing more material than one who is less physically capable, or 
who is engaged to break at so much per day. 

239. Cost of Hand-breaking. — It is thus a somewhat difficult matter to 
arrive at the actual cost of breaking road-metal by hand, but an approxima- 
tion sufficiently correct can be obtained by measuring a heap of metal which 
has occupied a hand-breaker a certain time to accomplish. This will give 
the amount broken each day of nine or ten hours ; but, in addition to this, 
the wages which are paid in any particular locality will have to be considered 
as influencing the cost of production. Taking these circumstances into con- 
sideration, the experience of the author is that the cost of breaking by hand 
varies from Is. 3d. to 2s. 6d. for each cubic yard of road metal. The supply- 
ing of macadam for repairing and maintaining roads under the old, or patching 
system, is in most cases regulated by annual contracts. Ttie price in some 
instances is stated separately for quarrying, carting, and breaking ; but gene- 
rally these contracts are arranged for at an inclusive figure, the metalling 
being deposited alongside the roads at convenient points or in depots. 

The price per cubic yard of metal thus laid down will vary according to 
the conditions already mentioned, and, in addition, the cost of hauling or 
conveying it from the quarry to the roadside depots, especially where the 
distance is great, may increase the price to double the actual amount of 
producing the macadam itself. 
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240. In districts where suitable rock for road purposes does not exist to 
any great extent, the metalling may have to be brought from a distaoce either 
by traction-engines and wagons or by rail, which, besides the heavy charges 
for haulage, entails in many instances double handling of the material In 
those districts where local stone of a suitable quality can be obtained within 
a reasonable distance of where it is to be applied, the cost of quarrying, 
breaking by hand, and carting to the roadside depdts, an average distance of 
two miles from the quarry, may be 38. 7d. per cubic yard. This is an excep- 
tionally low figure, and can only be executed under the best possible 
conditions of work, while for material which is difficult to quarry, and which 
takes 2s. 6d. to break by hand, the cost will be 5s. 4d. per cubic yard when 
laid down in depdts at a similar average distance. The latter price is one that 
is very usually met with in practice under ordinary conditions, and as the 
distance to which the material has to be conveyed increases, the cost of 
supplying macadam may rise to 7s. or 8s. per cubic yard, and even to 16a. 
in exceptional cases. In quarries worked under the authority of County 
Councils, it is, as a rule, only necessary to pay surface damages for the 
ground destroyed in obtaining the materials. This amount may be allowed 
for either in the cost of quarrying and breaking, or stand as a separate 
item, but generally the additional cost per cubic yard of material is very 
trifling in amount, especially when the face of the quarry is high, or the 
relative quantity of metal removed is large compared with the area of ground 
occupied. In sale quarries, however, the actual cost of the material is 
increased by an additional charge for lordship, or quarry rent^ which varies 
considerably, but may be taken at from 4d. to 6d. per ton or per cubic 
yard of rock. 

241. The race of hand-breakers is, however, fast disappearing, especially 
in rural districts, and the high price now demanded for this class of labour 
requires that other means be adopted for producing macadam. The obvious 
necessity in these days, owing to the altered condition of trade and traffic, 
of attaining a higher standard of perfection in road maintenance, and of 
applying larger quantities of material to strengthen and improve the condi- 
tion of the highways, is a further incentive to the employment of stone- 
breaking machinery. 

242. EequirementB which a Stone-breaMng Machine should possessw 
— Objection hsLS been taken against stone-breaking machines in some 
localities, on the ground that they fracture or crush the stones, make the 
edges rounded, and produce metal which is not uniform in size. 

No doubt the earlier types of stone-breaking machines were open to these 
objections, and they may even still exist to a considerable extent in some 
of those employed at the present time ; but they do not apply to the modem 
' stone-breaker ' with its almost perfect mechanical movements. 

In a good machine the rock should be sledged by the upper set of jaws. 
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and the teeth he spaced at a comparatively large pitch and so arranged that 
the ridges will work in the farrows immediately opposite. The stones, after 
passing through the upper jaws, should he cuhed hy the lower ones, and 
means should be provided to admit of the material changing position and 
rea4justing itself, so as to prevent spalling or the production of long thin 
pieces. 

Provision should be made to admit of an increase or decrease of the 
movement of the reciprocating jaw, which acts on the rock between it and 
the fixed jaw. 

The mechanical construction should be simple, strong, and effective, while 
the working parts should be so arranged as to reduce the strains on the 
driving shaft to a minimum. The strains should always be in one direc- 
tion, while the toggles should finish in a straight line at the completion 
of the forward stroke. The machine and accessories ought to be capable of 
effectually screening the material, so that the macadam rssulting from the 
breaking operations can be distributed, stored, or loaded automatically. In 
many cases where machine-broken metal is used, and condemned as inferior 
to that broken by hand, without the material being properly sized, it is 
invariably found to be caused by a want of proper sizing of the macadam 
by screening. To apply the stones direct to the roads as it leaves the 
jaws of the machine, is simply to make use of it in an unfinished state 
of manufacture. The appearance of a piece of rock after a hand-breaker 
has broken the larger-sized stones with the light mashing or sledging 
hammer, and before finishing his work with the small hammer, is similar in 
appearance to the larger-sized pieces of stone which have been only partially 
broken in passing through the jaws of the machine. It is the proper screen- 
ing of the metalling which makes machine-broken metal a success, the 
larger pieces again passing through it automatically, to be broken to a proper 
size. 

With many types of stone<breaking machines, the extent of the motion 
of the reciprocating jaw is constant, so that under certain conditions, as when 
breaking hard siliceous rock, numerous flaky pieces are produced, which, 
besides making a bad sample of road metal, quickly deteriorate in the road 
nnder traffic. 

If a stoue-breakiug machine id so constructed that the pressure or blow can 
be regulated by either a long or a short movement, the production of flaky 
road metal will be reduced to a minimum. By giving the swinging jaw a 
short travel, by means of a rearrangement of the toggles, hard siliceous rock 
can be properly treated ; while for tough or stubborn rock the movement 
should be made longer. 

243. The macadam produced by a good stone-breaking machine may not 
present such a cuboidal appearance as that produced by hand-breaking, but 
for general purposes it is little inferior in quality ; the cost of production. 
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always a determining condition in such matters^ is greatly in favour of 
machine-broken macadam, while the possibility of producing large quantities 
of macadam in a short space of time is an additional advantage. In quarries 
where road metal is produced in large quantities, the breaking operations are 
carried on more or less during the whole year, for which purpose it is neces 
sary to fix the plant or the 'stone-breaking mill' at a convenient and safe 
distance from where the quarrying and blasting operations are carried on. 

244. The breaking machinery should, if possible, be situated at a lower 
level than the quarry floor, in order to admit of the haulage of the material 
by bogies or cars being effected by gravitation. For a similar reason tbe 
position of the breaking plant, in regard to the disposal of the broken 
material, should be such as to admit of the screening being carried oat 
immediately after the material passes through the jaws of the breaker. It 
can then be conveyed in shoots to the points where it is to be delivered direct 
into wagons or carts, or into storage bins for future use. It often happens, 
however, that the physical conditions of the ground will not admit of this 
arrangement being carried out, a circumstance which necessarily involves a 
system of working not so favourable as when the material can be disposed 
of by means of gravitation alone. When the height of the quarry floor above 
the level of the sidings or storage bins is such that the breaking, screening, 
and delivery arrangements can be properly accomplished, the haulage of the 
rough stones from the quarry face to the stone-breaking plant may be con- 
veniently performed by steam haulage. When the quarry and the point of 
delivery are on the same level, it becomes necessary to make a suitable erec- 
tion sufficiently high for the accommodation of the breaking, screening, and 
delivery plant : the haulage of the material to the feeding platform must in 
such cases be accomplished by means of a rope working on a drum, an aerial 
ropeway, or some other suitable arrangement. 

245. A proper system of distributing the different sizes of macadam, 
when it is to be stored, is, of course, best carried out by gravitation ; in 
most instances, however, it has generally to be performed by the aid of 
conveyors. It seldom happens that the plant can be so placed in relation 
to the quarry as to be so favourably situated that the haulage, tipping or 
dumping, and the screening and delivery of the material can be accomplished 
entirely by means of gravitation. 

It will be evident from the preceding obseiTations how essential it is, 
when laying down a stone-breaking plant, to arrange the machinery and 
appliances so that the cost of handling the material and operating the plant 
may be reduced to a minimum. These particular requirements apply more 
especially to quarries where a fixed plant is indispensable, by reason of the 
demand for macadam, and which may necessitate continuous working of the 
stone-breaking plant during the whole or greater part of the year. 

246. The immense quantities of road metal which are produced in many of 
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the larger sale quarries to supply the requirements of counties and towns which 
do not possess suitable rock for road purposes within their own jurisdiction, 
uecessitate the employment of a large number of stone-breaking machines 
at these centres. 

The arrangement generally adopted in these circumstances is to make use 
of a ' set ' of stone-breakers ; the leading or ' reducing machine ' having a 
large breaking capacity, sledges the rock to a certain size, which is then 
directed by shoots into two or more other machines, which break or cube 
the material to a size suitable for macadamizing purposes. 

247. Sets of Breaking Machines. — Double, and in some rases treble, 
sets of stone-bi'eaking machines are made use of in quarries where the rock 
is of a recognized quality, and the demand for metalling is considerable. 
Under these conditions the machines are fixed permanently, and, if 
possible, on solid foundations, as when so placed the actual amount of work 
performed is considerably increased compared with that obtained from 
machines fixed on a timber erection, which, although it may be well con- 
structed, admits of vibration taking place when the machinery is in motion, 
whereby the output of the machine is reduced. 

248. The original stone-breaking machine was invented by E. W. Blake, 
of Newhaven, Connecticut, and was introduced into England in 1860, by 
the late Mr. Marsden of Leeds, who effected many alterations in the construc- 
tion of certain parts in his endeavour to adapt it to the requirements of 
this country. 

Since that time many alterations and improvements in the mode of con- 
struction have been introduced by engineers, so as to reduce the strain on 
the working parts, and the motive power necessary to drive the machine, while 
the form of the jaws has been modified so as to produce cuboidal macadam. 

249. Mechanical Details. — Previous to giving a detailed description of 
thedififerent parts of a stone-breaking machine, it will be convenient to 
mention some special points which, in addition to those already stated, a 
machine of this description should possess. 

It must be capable of withstanding the great wear and tear incidental to 
this class of machinery and of producing a uniform size of macadam. 

The construction must be on such a principle as to avoid excessive strains 
on the driving shaft, and yet be simple and strong. 

It must have as few working parts as possible, and the arrangement of 
the reciprocating jaw should be such as to admit of a sharp and powerful 
blow being given. 

The strains brought about on the working parts when breaking stones 
should be maintained in one direction, and the wearing parts should be 
easily renewable. The breaking of the rock should be accomplished either 
by two machines working in conjunction, or by one with specially con- 
structed jaws. In the former case the material is sledged or reduced sufH- 
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cientlj amall for the second machine, which cubea it to the deeired site for 
metalling ; in the kttet case, the jane are eo arranged that the proceas of 
redncing the rock is accomjiUshed by the upper jaws, while the metal is 
cubed by the lower OLee. 

The Bcreeuing of the material and the conveying of the 'rejectors ' or 
large pieces of etone back through the breaker jaws again should be per- 
formed automatically. By this arrangement the jaws of the breaking 
machine can be fixed sufficiently open so as to admit of a coasiderable number 
of lai^e pieces being passed a second time through the machine, thus yielding 
a better sample of macadam and producing a minimum quantity of screenings. 

200. Deacription of Blake's Origiiial Stone-breaker. — The original 
Blake stone-breaker is shown in fig. 97, which represents an elevation in 
longitudinal section of the machine. It consists of a cast-iron frame X, 
with a vibrating or swinging jaw A, which approaches to and recedes from 
the fixed jaw B, by means of the toggles C, attached to the pitman D. It 
is actuated by the lever E, working on a fulcrum F, and attached to the 
connecting rod O, working on a crank shaft H. On this shaft are placed 
the fly-wheels I, and pulley J, by which the power is transmitted to 
the machine, the sise to which the macadam is intended to be broken 
being regulated by the wedge K, which can be raised or lowered by the 
screw L working on the to^le block M ; the draw back motion being 
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effected by means of the rod N and spring 0. This machine was essen- 
tially a crusher, the teeth of the jaws being vertical and interlocking each 
other, 80 that the ridges of the one jaw were set opposite and worked against 
the furrows of the other. Ko attempt was made, by reason of the constmc- 
tion of the jaws, to cube the material ; it was a powerful machine, how- 
ever, and capable of any amount of work. 
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251. Archer's Breaker. — An attempt to cube the material was made by 
Archer, and after yarious endeavours he brought out a machine in 1867. 
It consisted of a cast-iron frame, with a slotted crank shaft — running in 
bearings at the end of the machine, — which operated a large lever working on 
a fulcrum pin. The back end of this lever was connected to the crank by a 
variable link, which controlled the position of the crushing faces in relation 
to the rotating toothed roller, fixed on a shaft and actuated by spur gearing. 
The front end of the lever was curved so as to partly encircle the rotating 
roller, and was provided with corrugated faces in the upper and lower jaws, 
while the teeth of the roller were placed at right angles to the corrugations 
in the lower jaws. This machine produced a fair sample of metal, but the 
wear and tear were so excessive and the number of breakages were so numerous, 
that it was not a practical success, while the amount of work done was con- 
siderably less than that of the Blake machine. 

252. This stone-breaker was so far further improved by Areher, in that a 
small Blake jaw was utilized for breaking the stones, in conjunction with a 
lever having a curved face working against a revolving toothed-roller. At the 
rear end of the cast-iron lever a slotted crank shaft was fixed to transmit the 
motion to the machine, and on which the fly-wheels with driving pulley were 
secured. The crank shaft was connected by a link capable of being made 
longer or shorter according to the size of metal required, and fixed to the lever 
by a spindle. The lever rocked on a shaft, which also carried a pinion wheel ; 
while rocking it actuated the breaking jaw by means of blocks connected by 
a bolt running through them from the jaw stock, and attached to the lever 
by an india-rubber spring and nuts. This arrangement also gave the neces- 
sary pressure to the jaws working against the revolving roller. The rotating 
motion of the horizontal toothed roller was effected by spur and pinion wheels 
driven by a belt running on a pulley fixed on the fiy-wheel, and another 
pnlley mounted on the shaft which carried the toothed roller. It is obvious 
that this form of construction did not follow the best and simplest mechanical 
movements, and although it was a decided improvement on the former 
machine, still the great wear of the working parts and the strains to which 
it was subjected when working, told seriously against it as a practical and 
economical macadam-breaking machine. 

258. Many different forms of construction have been adopted from time 
to time by quarry owners and others to attain a proper working machine 
which would produce a satisfactory sample of macadam. The general 
method followed of accomplishing this was either that of using two machines, 
one for sledging the rock, and the other for reducing it to road metal, or of 
using one machine only and directing the broken material by a shoot to a 
system of rolU, which acted upon the long or flaky pieces of stone, reducing 
these to an approximately uniform size. 

254. 'Excelsior ' Breaker. — In the year 1872 a stone-breaking machine, 
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known as the ' ExcelBior,' wss brought from AnstnlUt to this couotry. The 
iaventor, Mr. Hope, introduced epeciftl features into bis machiue in order to 
obtain a aupetior cubing arrangement. 

This stone-breaker is shown in sectional elevation in fig. 98. It trill be 
obeerved that the lower ptut of the swinging jaw A ia curved backwards, 
the teeth forming the face of the jaw being continuous from to)) to bottom, 
and made to a pitch of 3 inches. The fixed jaw B had the teeth upon its 
upper portion placed so as to work in the furrows of the opposite jaw, while 
towards the lower end the teeth were altered so as to work against and oppo- 
site the ridge of the teeth in the swinging jaw. The object of this was to 
break tlie long or flakjr pieces before they left the machieo. The method of 
operating the mechanism was carried out by means of tbe usual fly-wheels I 
and pulley J, fixed to a crank shaft K. A conuectiug rod G attached to the 
crank shaft and fixed to the upper end of the rocking lever I), working on a 
spindle, communicated the motion to the toggle C, causing the swingiog 
jaw to reciprocate. Tho drawback movement was provided for by means 
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of a rod N and india-rubber spring 0, the rocking lever being held in 
position by a similar arrangement. This atone-breaker possessed m&ny 
valuable mechanical features, but, owing to the arrangement of the jaws, 
did not provide for tbe stones readjusting themselves while passing tbroagh, 
consequently the cubing of the material was not satisfactory. 

This breaking machine was used in a few of the counties in Scotland for 
many years, and performed good work where the rock was of a tough aod 
stubborn Qsture ; but all these machines have now been superseded by 
stone-breakers of more modern construction. 
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209. The late Mr. Marsden made a further attempt to improve the cubing 
of the material with the Blake machine by a rearrangement in both the 
Bwinging and fised jaws, into which three beada were introduced with 
alternate ridge and furrow teeth working opposite ; this alteration, however, 
proved nn^ncceeeful both in regard to the output of the machine and the 
amonnt of waste caused hy the atones being crushed. 

206. Ibrgden's Stone-breaker. — The design of the face of the jawa waa 
altered to differeut forms from time to time as experience was acqaired ; 
the present arrangement of the teeth in the swinging and fixed jaws of 
the Marsden machine is shown in fig. 99. It will be observed that the jswa 
are composed of four parts, and can be renewed as they become worn, 
the break between them admittir^ of the stones changing their position, 
ensuring a better sample of macadam being produced than with jaws having 
teeth continuous from top to bottom. The mechanism and working of this 
■tone-breaking machine may be thus described. The main frame X, fig. 99, 
is of cast iron. The swinging jaw A is suspended from a shaft and breaks 
the stones by vibrating against the fixed jaw B. The motion of the 
Bwinging jaw is obtained through the toggles C, working in grooves in the 
swinging jaw and block M, while similar groovea are made in the connecting 
rod G, which ia made to rise and fall by means of an eccentric fixed'on the 
shaft H, which carries the fly-wheels I and driving pulley J. 
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When the connecting rod ia at its highest point on the eccentric the 
toggle plates are nearly in a straight line, thus producing a direct strain 
through the toggle plates from the swinging jaw A to the block M. In 
nusing the connecting rod from its lowest point, however, or when the jaws 
aie opened to their extreme width, a considerable torsional strain ia brought 
npon the connecting rod, and also on the abaft carrying the eccentric and 
fly-wheels. For this reason a crucible cast-steel connecting rod has been 
substituted to mintmiBe the breakages inseparable from this form of con- 
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etruction. To produce fine or coarse macadam, the swinging jaw cao be 
opened or closed by means of the screw L and wedge E. The drawback 
movement is provided by the rod N, attached to the lower part of the 
swinging jaw, and fixed to the back end of the machine by means of an 
india-rubber spring 0. 

257. Blake-HatBden Stone-braker. — Another type of stone-breakuig 
machine, made by Matsden of Leeds, is shown in sectional elevation iu 
fig. 100. It is known as the improved Blake, or lever baud hammer 
motion stone-breaker. The letters indicating the different parts of the 
machine are arranged as in fig. 99. The principle followed is somewhat 
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similar to that of the original Blake, but, as in all machines constructed on 
the lever principle, there are excessive strains due to working at high speeds, 
and to the rapid reciprocating action of the jaws and moving parte. The 
different types of stone-breaking machines made at the present time are too 
numerous to describe in detail, so that only a few besides the Marsden and 
Blake-Marsden machines will be mentioned, 

258. Mr. C. E. Hall introduced a breaking machine in 1867 having a 
multiple action ; that is, the jaws are divided into two parts vertically, and 
driven separately by a double eccentric on a main shaft ; lu other words, one 
jaw recedes as the other advances. The action of the connecting rod on the 
eccentric shaft is, as already pointed out, an objectionable feature, ovriug to 
the excessive and continual strain which it has to withstand. ' Broadbeofs ' 
and also 'Mason's' stone-breakere are similarly constructed ; that is, with 
toggles and a connecting rod working direct on a shaft by means of eccen- 
trics. These machines require great power to set them in motion, and also 
to drive them, while the priuciple on which the eccentric works in this cksa 
of Btone-breakers is such that a considerable amount of power is lost in 
lifting the mechanism against the work which is being performed. Notwith- 
standing the mechanical defects mentioned, a considerable number of firosd- 
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bent's machines are working in different parts of England, especially in the 
Clee Hill district. 

269. The stone-breaking machine which has for many years back been 
extensively used, and proved most satisfactory in regard to breaking 
capacity, quality of the macadam produced, reduced wear and tear, econo- 
mical working, and the small amount of motive power necessary to drive it 
compared with all the others mentioned, is that patented and made by Mr. 
W. H. Baxter of Leeds. This stone-breaking machine combines many 
valuable improvements suggested by practical experience ; the portable type 
of machine with the automatic screening and loading appliances has supplied 
a great want, and at the same time made certain work attainable which with 
the machines formerly in use was impossible. 

260. Baxter's Stone-breaker. — ^The stone-breaker (16 inches by 9 inches) 
known as " Baxter's Patent Combined Portable Stone-breaking, Automatic 
Screening, and Loading Machine," will be described, while the actual amount 
of work which it is capable of performing and the cost of producing macadam 
will be given in detail. Various sizes of this type of stone-breakers are con- 
structed, the largest made being known as a 24 in. by 15 in. machine, this 
being the size of the opening between the jaws where the rock is fed into 
the machine; it has a guaranteed breaking capacity of 16 tons per hour; 
the smallest size, 6 in. by 4 in., breaks 30 cwts. of rock per hour. The size 
first mentioned, namely, a 16 in. by 9 in. stone-breaker, is the most suit- 
able machine for general use iu quarries worked under County Councils, for 
providing macadam for renewing and repairing the highways. The 
breaking capacity of this machine is 60 tons per day, which amount of 
macadam, carted direct to the roads under repair, will provide constant work 
for a 15-ton roller used to consolidate the metalling. This arrangement 
obviates storing the material in the quarry, always an expensive operation, 
which will be referred to further on. A sectional elevation of Baxter's 
machine is shown in fig. 101. As in those already described, there is a 
cast-iron frame, X, having suitable flanges cast at the lower comers for fixing 
the wrought-iron axles, and to which the collars, swivel, and foot plate 
are secured, for the road wheels ; while means are provided for steering 
at the front end. 

A fly-wheel, I, is fixed to the outer end of the crank shaft H on either 
side of the frame, and to one of these wheels the driving pulley J is attached. 
The crank shaft in rotating conveys, by means of the connecting rod G, 
motion to the rocking lever D (the weight of which is sustained by a shaft 
D^ at its lower end, on which it rocks), and actuates the toggles C C. These 
in turn provide for the ' knapping motion ' of the swinging jaw A, which is 
held in position by a shaft A^ at the upper end, and gives the necessary force 
to break the rock between it and the fixed jaw B. The ends of the rocking 
lever shaft are fitted into slide blocks placed in a rectangular recess on 
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each side of the frame, and are held rigidly in a vertical position by means 
of &u iron strap and bolts. This arrangement admits of the swinging 
jaw being opened or closed by means of the wedge K and screw L 
acting on the toggle block M, and provides for the rocking lever 
moving laterally so as to euabla long or short toggles being fixed 
between it, the swinging jaw, and the toggle block. Rollers are substituted 
in the more recent machines for this pnrpose with a view to reduce 
the friction and wear of these parts to a minimum. A positive drawback 
movement is obtained by the rod and chun If fastened at one end to the 
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througB bolt N^, which also retains the jaws in the jaw stock ia proper 
position, and prevents them from becoming Jooae. The chain portion of the 
drawback errangement passes over a pulley N^, the other end being fastened 
to a pin in the rocking lever. This pulley is kept tant by means of a forked 
attachment screwed at one end, and attached at the other by a bolt and nut 
to the pulley. The screwed end passes through a cross-bar of wood O, 
strengthened by a thin steel plate, which fits into a recess at the end of the 
frame, the whole attachment being regulated by a handle P. The cross-bar 
is purposely made elastic, so that any undue or accidental strain trans- 
mitted to the mechanism may be instantly relieved by its yielding to that 
strain. It will be apparent that by this arrangement the movements are alt 
in one direction and the reciprocating parts thoroughly balanced, which in 
actual working saves motive power, while hreakeiges are practically unknown 
when the machine is kept in efficient order. By having a positive drawback 
movement the undesirable india-rubber spring is dispensed with, an arrange- 
ment common to most other stone- breaking machines, which absorbs a 
considerable amount of power in compressing the spring to the extent 
required for returning the swinging jaw after the completion of its stroke. 

It will be observed that the toggles working in the toggle bearings c', and 
operated by the rocking lever through the shaft, provides an intermediate 
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arrangement between the driving shaft and the jaws for breaking the stones. 
At the same time great irregularity of movement is given to the jaws by 
having compound toggles, and this also gives the most powerful and direct 
blow possible to the reciprocating or breaking jaw. 

The teeth in the swinging jaw stock are made straight from top to 
bottom ; the upper ones, 3^ inches apart, project beyond those below them; 
on the face of the upper fixed jaw the teeth are also projecting, but the teeth 
of the lower fixed jaw are made with four bends, as shown in section in 
fig. 101, and are spaced 2^ inches apart, so that their ridges work into the 
furrows of the teeth on the opposite jaw. The large vertical space provided 
by this means, and the fixing of the upper jaw in the swinging stock so as to 
project over the lower one, enables the material which is sledged by the 
upper jaws being altered in position relatively when passing through the 
lower or cubing jaws. 

This arrangement produces a more cuboidal sample of macadam and 
less waste than when the teeth of all the jaws are continuous and straight 
from top to bottom, or where unnecessary variations of form are introduced 
in all the four or more jaws usually employed. The fixed jaws are 
retained in position by means of side wedges Q, those in the swinging stock 
being run in with white metal and further secured by means of through 
bolts. The bearings, where necessary, are provided with brass bushes, the 
shafts and other important parts are well protected, and give little trouble 
in actual working. Special means are provided for properly lubricating the 
working parts ; this demands great care in order to prevent the admission 
of dust to the bushes and shafting, which, if permitted, would quickly wear 
out these parts. 

The framework for carrying the screens, elevating belt and delivery 
fihoot^ is shown in front and end elevations in figs. 102 and 103. The 
breaking machine mounted on wheels with the fixings employed for re- 
taining it perfectly rigid while at work, and feeding platform, are also 
illustrated. 

The principal part of the framework is made of channel irons a, fixed on 
each side of the main frame of the machine, and extending to the rear of it 
a sufficient length, accommodates the lower revolving screen b, the drum c, 
for the elevating belt, and the necessary gearing for operating them. On 
these channels an open framework of iron bars of different section is erected 
as shown in figs. 102 and 103 ; these carry the pedestal bearings d for the 
screen e, elevating belt /, and also the delivery and return shoots g and h. 
The lower revolving screen is fixed on two ' spiders ' which are keyed to the 
shaft b^ running through them ; this shaft revolves in a bearing i on the 
front end of the machine, while at the other end it runs in a pedestal 
bearing y fixed to the iron cross-bearer k, which also secures the channel 

irons together at a fixed distance apart. This shaft likewise carries the 

N 
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hollow drnm on which the elevating belt gjrrates, and to which it is properl; 
keyed. The rerolving of this screen is provided for bjr means of a bevelled 
wheel I, fixed on the rear part of the drum in which a pinion m works at 
right angles to the shaft 6^ of the screen. The spindle n on which ibis 
pinion is keyed revolves in the pedestal j carrying the lower screen and 
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ehaft, while at the other end it nms in a bush attached to one of the 
channel irons, on the end of which is keyed the pulley wheel o; it is also 
connected by a driving-belt to the cone p, on the fly-wheel shaft li, so 
as to actuate the mechanism connected with the lower screen. 

The top revolving screen and drum are fixed in a similar manner; the 
shaft e*, which carries them, runs in two upright pedestal hearings d, which 
rest on, and are fixed to, the top of the bracing and bracket pedestal as 
shown in the figures. Wooden blocks are usually inserted between the 
brackets and the parts carrying them ; these can be raised or lowered by 
wedges in order to accommodate the elevator belt to the varying atmospheric 
conditions. This meane of raising or lowering the top screen, and con- 
sequently regulating the length of the elevator belt, can only be carried ont 
when the machine is at rest, and may probably necessitate, should a sudden 
change in the temperature take place, stopping the machine to rectify this, 
which would involve a loss of time. 

261. Lifting Arrangement for Top Screen. — The author has adopted 
an arrangement which prevents this delay, and also ensures the shaft of the 
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lower sad of the top revolving acreeus being malDtaiDed at their proper 
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distance apart while the machine is working. This device, which is very 
efficient for the purpose intended, also main- 
tains the pedeataJe and shaft of the topievolving ,',' ' \ 
screen perfectly rigid; it is constructed and ,',' >' 
operated in the following manner. 

Two pedestals, d, ore made in the form 
shown in fig. 104, and are bolted permanently 
to the top of the framework at one end, and 
to the bracket at the other end. Two metal 
blocks, fig. 104, occupy the central or open 
portion of the pedestal, that at A being fixed, 
while provision is mode for the screw C work- 
ing throngh it vertically ; the block B carries 
the end of the shaft of the revolving screen 
in each pedestal, and is arranged bo as to slide 
in a recess on either side, which secniee its 
position horizontally. When the breaking 
machine is not working, the block B, carrying 
the top screen and dram over which the 
elevating belt works, is lowered towards the fixed block A, by means of the 



Fra. 104.— Details of liftiiig 
and lowering amngament 
■8 applied to BRKter'a 
nucbiue. 
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screw operated by a key. Before starting work the top screen is raised at 
each end sufficiently high to make the elevating belt taut ; the further rega- 
lating of it being carried out during the day when found necessary. By this 
means the shaft of the revolving screen can be kept perfectly level, which 
is a considerable advantage, and ensures the elevating belt working properly 
on the drum, thereby saving unnecessary wear. 

The expansion of the india-rubber elevating belt varies according to the 
heat prevailing, and is considerable at times ; a rise of 1 inch in the sliding- 
block B will represent fully 2 inches in the length of the belt. 

262. The elevator belt consists of india-rubber sheet 4 to 5 ply in 
thickness, 16 inches broad and about 26 feet long, an allowance being made 
for joining the two ends by overlapping. The lifting buckets are spaced 
about 12 inches apart on the inner side of the belt, and are attached to it by 
means of plates and bolts which work between the flanges of the drums. 
The actual wear caused by friction on the drums is provided for by attaching 
strips of india-rubber sheeting about 3^ inches wide, close to the outer edges 
of the Inner side of the lifting belt, and against the sides of the buckets. 

The iK)rtionB of the elevating belt between the buckets are protected by 
narrow plates or by sheet iron properly attached to it. 

The upper part of the delivery shoot g is fixed to the cross-bar, and, by 
another bar of iron formed as a strut, fixed to the main frame of the 
machine and to one of the vertical bars. The shoot is provided with sides 
and if necessary with a division in the centre for retaining the different 
sizes of macadam separately; it is also fitted with a hinged door for 
storing a limited quantity of metalling during the interval between the 
departure of the loaded carts and placing in position those which are about 
to be loaded. The return shoot h is placed so that any rejectors, or pieces 
too large to go through the holes in the top revolving screen, fall into it and 
are carried back to the jaws of the breaker. 

268. Motive Power to drive Stone-breaker. — ^The motive power 
required to drive this class of stone-breaking machine, including the auto- 
matic lifting and screening arrangements, is generally provided by an 8 h.-p. 
(nominal) traction- or road-engine. Where a permanent breaking plant is 
erected the driving power is invariably supplied by a stationary engine 
under a suitable building to protect it from the weather and dust from the 
breaking machine. The power required to drive Baxter's stone-breakers may 
be taken at 1 h.-p. nominal for every ton the machine is guaranteed to 
break per hour. The cost of a plant similar to that described in the fore> 
going sections is £300. 

The removal of the breaking machine from one quarry or depdt to another 
is generally performed by the same engine which drives it when breaking. 
Boad-rollers, however, may be at times made use of for this work. 

264L Setting and Working a Stone-breaJdng MacMnft. — ^When the 
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stone-breaking plant arrives at the quariy where operations are to be carried 
on, it IB necessary, in the first instance, to place the road wheels of the 
breaking machine on planks, previously levelled horizontally and trans- 
versely. The site for placing the planks, and consequently the position of 
the breaking machine, should be selected so as to be situated centrally in 
relation to the heap of quarried rock to be broken. By giving this matter 
some little attention the length of the 'barrow runs' may be equalized, 
which will result in the cost of wheeling being reduced to a minimum. The 
wheels of the machine should be properly secured, so that there will be as 
little movement as possible from vibration caused by the machine when 
working. By referring to figs. 102 and 103 the usual method of attaining 
thia end is illustrated. 

The two planks rr, 12 inches by 6 inches and 10 feet long, after being pro- 
perly levelled, are so spaced as to ensure that the travelling wheels will rest 
on them centrally. Wooden blocks 1 1 inches by 5^ inches, generally made 
in one piece, are placed on each plank between the front and rear wheels 
and properly formed at either end to fit the curvature of the flanges of the 
wheels. Two other sets of blocks, but curved at one end only, are placed in 
position against the front and rear wheels. Two planks, 11 inches by 3 
inches, provided with ^-inch iron plates, are then placed one in front and 
the other at the rear. These plates serve the purpose of washers attached 
to the outside of the planks opposite the wheels, and should be sufficiently 
long to admit of the through bolts placed on either side of the wheels being 
properly embraced by them. . 

All the blocks and cross planks are kept rigidly in position by four 
through or side bolts 1 inch in diameter, one being placed on either side of 
each of the wheels and provided with screws at either end ; this arrange- 
ment lends itself to speedy handling, while all the bolts are firmly secured 
by nuts. 

The rear end of the framework at the elevating belt requires to be 
supported and made as rigid as possible ; this is readily accomplished by 
means of two planks with uprights between and tied together, or they may 
be braced as shown in the end elevation, fig. 103. 

The feeding platform is erected by fixing a few uprights about 4 feet 
clear of the framework ; these are placed on the opposite side of the machine 
on which the delivery shoot is attached ; the cleading, which forms the 
floor resting on the cross bearer of the iron framework, \a fixed immediately 
below the level of the mouth of the machine. Side pieces of timber are 
fixed round the feeding platform to prevent any stones falling into the 
working parts of the breaker, while the top of the cleading is sometimes 
covered with iron plates ; this precaution preserves the planks, which are 
otherwise quickly worn through by the incessant dumping of stones on 
it, and by the subsequent shovel work in transferring the material to the 
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jaws of the machine. Barrow runs are then arranged, having easy gradients 
from the quarry floor to the feeding platform, the sledged material being 
generally wheeled to the machine by four men, but when the distance is con- 
siderable five or six men may be required for this work. If the stone-breaking 
machine has been placed at a suitable point in relation to the quarried rock, 
a less number of men will be necessary to wheel the material to the feeding 
platform than when the site has been selected to suit other minor con- 
siderations. Before the actual breaking operations are commenced, the 
machine should be run while empty for a few minutes to ascertain if all the 
working parts are iu proper order. 

The feeding of the material into the jaws of the machine, t, figs. 102 
and 103, is performed by two men, who place the large pieces of rock into it 
by hand, and the smaller material by shovels so as to keep up a steady 
and constant supply of stones in order that the capacity of the breaker 
may be utilized to its full extent, without overstraining or choking taking 
place. Stone-breakers, into the jaws of which the material is shot or tipped 
in a promiscuous manner, do not produce macadam so well cubed as when 
hand-fed; by the latter means the rock can be placed in the machine 
with due regard to its line of cleavage, while the amount of screenings is 
considerably less than in the former method of feeding. The material, 
after passing through the jaws of the machine, is conveyed by meana 
of a shoot u to and passed aloug the lower revolving screen b; the 
dust, chips, and gravel deposited underneath are removed and placed in 
separate heaps at some convenient point for future use. The actual 
macadam, including the rejectors or large pieces of stone, and which should 
form a fairly large proportion, are delivered into the elevating belt and 
buckets/, and then conveyed to the top drum, where the material is dis- 
charged into the top revolving screen c, by means of a shoot. 

265. The maximum size of the macadam will be determined by the 
diameter of the holes in the top screen; any stones exceeding that aze 
must necessarily pass to the end of the screen, and, falling into the rejector 
shoot hy pass through the jaws of the breaking machine again. By judiciously 
opening the jaws somewhat wider than is necessary for the size of the 
metal aimed at, especially when breaking rock of a siliceous nature, the 
best sample of macadam will be obtained, and a less percentage of screenings 
be produced. 

In quarries where the breaking machinery is placed in a permanent 
position, and especially where more breakers than one are employed, the 
material from the quairy face is generally transported to the breaking 
machines by means of bogies. The tram-roads are laid to and adjoin the 
feeding platforms ; these platforms are inclined towards the jaws of the 
machine on to which the rock is tipped; one man guides and regulates 
the material into the mouth of the machines with an iron rod. Under 
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fiuch circumstances the stone-breaking machines are generally (at all events 
those used for sledging the rock) of a comparatively large size, so that 
careful feeding is not so important as in smaller machines. Before detailing 
the amount of work done by a stone-breaking machine and the cost of 
production, it will be necessary to explain the means adopted in removing 
and replacing the jaws when they become worn, and the arrangement 
employed by which the top revolving screen is removed when necessary 
in transferring the machine from one quarry to another. 

The crane arrangement for lifting out and replacing the jaws consists 
of two T-iron uprights fitted into recesses, and bolted to the framework 
on either side close to the position occupied by the jaws. At the upper 
end a cross-bar on edge is fitted, and a hook with block and tackle attached 
for lifting and lowering the jaw stock and fixed jaws. The ranewing of 
the jaws in the jaw stock requires careful attention, as, should the white 
metal not be uniformly ran in and around the jaws, breakage may take 
place when at actual work. 

266. Bemoving Top Screen when TraveUing. — ^The top revolving screen 
should for convenience and safety be unshipped when removing the machine 
from one quarry to another, especially in thickly-wooded districts and in places 
where the service roads are tortuous and rough. The process of lowering 
it down by means of . ropes and planks is not wholly free from danger, 
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Fig. 105. — Baxter's machine ; mode of removiDg top screen. 

while the time occupied in either lifting or lowering the screen is con- 
siderable. A simple means adopted by the author for this purpose consists 
of two iron standards bolted to each pedestal block, as shown in fig. 105. 
A cross-bar A with check studs is fitted into a recess of and extends 
between the standards £ ; the hook C on this bar is attached to the block 
and tackle D. 
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The standards and cross-bar require to be of such height that when 
the lifting block is attached there will be ample space for the top of the 
soreen clearing the cross-bar, and the ends of the shaft becoming disengaged 
from the sliding blocks in the pedestal bearings. When trayellingy the 
height of these standards would in most cases prove inconvenient; pro- 
vision is, therefore, made for the removal of one of the stud bolts on 
either side, so that each standard can be folded over inwards to the level 
of the pedestal block and secured in that position, as shown by the dotted 
lines in the illustration. 

267. Quantity of macadam broken and cost per ton. — The amount 
of rock reduced by sledging to a proper size, namely 16 inches by 9 inches, 
which a stone -breaking machine of the size described can break in one 
day, will depend on the nature of the rock operated on and the number 
of hours the machine is at work, while the climatic conditions also enter 
largely into the question of the actual performance of the machine. 
Taking an average, based on an experience extending over a considerable 
number of years, the author finds, taking all classes of whinstone and 
basalt rocks into consideration, that it amounts to from 60 to 64 tons of 
macadam broken in nine hours. The amount of chips and gravel pro- 
duced will necessarily vary according to the nature of the rock, and the 
percentage may be as high as 5 cwts. per ton of rock broken, while with 
material of a tough nature the amount of scr^uings may only be 3 cwts. 
per ton. The weight of the chips and gravel lb ascertained occasionally, 
so as to fix the proportion of screenings to macadam. The average, 
however, may be taken as 3^ cwts. per ton of rock broken, which will 
make the inclusive weight of material broken by one of Baxter's 16 inch 
by 9 inch automatic and screening machines from 70^ to 75^ tons per 
day of nine hours. 

This may be taken at 8 tons per hour, which corresponds with the 
results obtained in other counties in Scotland when the work is carried 
on under similar conditions. The amount of the screenings, consisting of 
chips and gravelly material, is generally in excess of the requirements in 
most districts. It will be more conclusive, therefore, in arriving at the 
cost of producing macadam, to calculate the price of the material actually 
applied to the roads for renewal or maintenance purposes. 

It may be mentioned, in passing, that the chips and gravel afford an 
excellent material for binding in connection with rolling operations, and 
when thus employed, or made use of for repairing footpaths, the value of the 
material used should be credited on the side of breaking. 

For the purpose of determining the cost of producing macadam by 
means of a stone-breaking machine, the actual or serviceable material which, 
can be applied directly to the roads will be considered first. 



STONE BREAKING AND HAULAGE. 20I 

Table XXVII. 

Co$i of breaking macudam by machinery. 

Engineman £0 4 

Coals (steam navigation) for stone-breaking machine, 

6 cwts., including carting an average distance of 2 

miles, at 128. per tOD, 3 8 

Carting water for stone-breaking machine, one-third day 

of a horse at Ss., 2 8 

Foreman of breaker, 8 8 

Feeders, two men at 8s. 6d 7 

Barrowmen (performed by contract at 2id. per ton on 

72 tons of rock), 16 

Removing chips and gravel, one man, 8 2 

Lubricants and waste for engine and breaker, . . 18 

Allow for time lost in removing plant from one quarry 

to another once in three weeks, one day of whole squad, 2 6 
Depreciation on engine and repairs, including sleeping 

van and water oart, 4 

Depreciation and repairs of stone-breaker, including 

renewal of jaws, lifting belt and buckets, screens, eto., 8 

Cost of breaking per day, £2 9 11 

This is the actual expenditure, including depreciation on one day's work. 
If 62 tons of macadam be taken as an average day's breaking, the cost will 
be 9'66d. per ton. 

This is increased beyond the actual working expenses by the necessity 
of recording the weight of the broken material, which is performed 
immediately after breaking, and before it is removed to the roads under 
repair. This is effected by means of a portable steelyard, such as Pooley's 
agricultural type of weigh-bridge, the parts of which are easily put to- 
gether or removed; it is of a light but strong construction, and can be 
readily adjusted. The cost of weighing the macadam, including depre- 
ciation and repairs of the machine, may be taken at 3s. per day, or 
equal to 0'58d. per ton. This additional expenditure may not be 
absolutely necessary, but it is advisable to ascertain exactly the quantity 
of macadam broken each day. When the haulage of the metalling from 
the breaker to the highways is performed by contract, it becomes indis- 
pensable to weigh the macadam. 

There are other circumstances which have also to be considered in 
arriving at the ultimate actual cost of producing macadam by means of 
a- breaking machine, as, for instance, the inclement nature of the weather 
or a breakdown. In the latter case, if the machine is kept in an efficient 
state of repair and properly managed, the loss by such a possibility is 
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very small indeed. In the former case it will depend entirely on the 
weather, and as the leading hands are paid full time even during delays 
caused hy wet weather or otherwise, it is necessary to allow a sum to cover 
this loss. The experience of the author is that an amount equal to 0'32d. 
per ton will be ample to meet such a contingency. These items summarized 
represent the actual cost of preparing macadam delivered into carte or 
wagons under ordinary conditions, and are as follows : — 



Table XXVIII. 

Pence per ton. 

Cost of breaking macadam, 9 '66 

Weighing macadam 0*58 

Contingencies, 0*82 

Total cost, 10-66 

In the cTent, however, of a quantity of chips and gravel 
being utilised in rolling or for other operations, a sum 
equal to say 15 per cent, of the value of the total amount 

of screenings should be deducted, amounting to 0'50 

Total cost after deduction, . 10*06 



The cost of labour and the fuel for the engines have a bearing on 
the total cost per ton of macadam broken, and may vary considerably in 
different counties and districts. The author has on many occasions accom- 
plished this work for 9d. per ton (but the inclusive cost has generally been 
lO^d.) by arranging the work to be carried out during the most suitable 
months of the year. If the working expenses incuHred be calculated on 
the total amount of rock broken each day, then the cost^ taking the quantity 
as 72 tons, would be 8*32d. per ton. 

On referring to p. 181 it will be seen that the comparative cost of 
hand-broken macadam is Is. 3d. to 2s. 6d. per cubic yard, or Is. I^. and 
2s. 3d. per ton respectively. The average, however, may be taken at Is. 9d. 
per ton, which represents the price paid for this class of work previous 
to the introduction of stone-breaking machinery into the district of which 
the author has charge ; but it may be incidentally remarked that the price 
for hand-broken macadam is now much higher. The difference in the 
cost of production between hand and machine-made macadam is therefore, 
takiug lid. per ton for the latter, nearly 48 per cent, in favour of macadam 
produced by a stone - breaking machine. It may be mentioned here, 
although the matter will be described fully in the chapter on '' Rolling," 
that the macadam produced by a breaking machine, being properly 
screened, makes a much superior road surface compared to that which can 
be made with unscreened hand-broken metal. 
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If band-broken metal be screened so as to improve its wearing capacity, 
then the saving in favour of macadam produced by machinery will be 
still greater. 

268. The requirements of a district or county in regard to the quantity 
of macadam required for maintenance will depend in a great measure 
on the amount of traffic, the quality of the material used, and the mileage 
of roads to be repaired each year. When the quantity does not exceed 
8000 or 10,000 tons each year, one stone-breaker of the construction and 
size described will accomplish this in from seven to eight months, allowing for 
the time lost by occasional wet weather and other causes. If the quantity 
of metalling required each year exceeds these figures, it will be more 
economical to employ two or more machines, so that the total quantity 
necessary for repairs may be broken during the summer months. One 
stone - breaking machine working during the whole year in different 
quarries will be capable of producing, *^in addition to the 8000 tons already 
mentioned, a quantity during the other four or five months of the year 
of from 3500 to 4400 tons, or a total for the whole season of from 12,400 
to 13,500 tons of macadam. 

The cost of production during the winter months will be increased con- 
siderably, and in many instances may exceed the cost of breaking the 
material by hand. 

This does not) however, apply when fixed machinery is employed, 
where the work is carried on during the whole of the year, although the cost 
is sometimes increased by working on a short day, or even on full time 
at that period of the year when using the electric or other light Under 
these circumstances it is usual to erect a covering over all the stone- 
breaking plant in order to afford shelter for the men engaged, and so 
admit of the work proceeding without interruption. This also protects the 
machinery during imfavourable weather. 

269. Amount of work performed by working parts, and Cost of 
Benewala — ^The wearing parts, namely the jaws, wedges, toggles, and 
toggle bearings, lower and top revolving screens, elevator belt and buckets, 
etc, are easily renewed ; their life of usefulness will depend on the amount 
of work performed, the nature of the rock broken, and on the care with 
which the different parts of the machine are attended to. 

Taking an average over many years the more important parts men- 
tioned will^ depending on the quality of the material used in their 
manufacture, perform approximately the following work before the neces- 
sity arises for renewing them. 
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Tablk XXIX. 








Tons. 


Cost. 


Cost per ton 

d, 

0-066 


Upper jaws (reyereible), . 


8,000 


8, 

44 


Lower jaws (reTorsible), . 


4,000 


44 


0-132 


Top screen, plates i in. thick, . 


24,000 


120 


0-060 


Lower screen, 


. 48,000 


90 


0-022 


Elevator belt, S-ply, plates, etc.. 


82,000 


240 


0090 


Backets, set of 25, . 


8,000 


40 


0060 


Toggles and bearings, side wedges, 
etc., 1 set, 


8,000 


55 


0-082 




0-512 



270. The top revolving screen of the stone-breaker is usually con- 
structed so as to produce two different sizes of macadam, and a division in 
the delivery-shoot provided for this purpose enables each class to be 
removed at will. 

By this arrangement the smaller - sized macadam can be used for 
patching or for coating the hilly parts of the highways, but it is seldom 
the case that both sizas of macadam can be consolidated separately on the 
same road. 

It therefore becomes necessary to store one or other class of macadam, 
which, on economical grounds, should be avoided as much as possible. 

This will be apparent when it is considered that to store and refill road 
metal, an expenditure of from 3d. to 5d. per ton is incurred. 

It is more usual, however, to have different sets of top revolving screens 
having perforations of a size suitable for the work on hand, so that the total 
amount of macadam broken may be removed direct to the roads under repair. 

For general purposes a top screen having holes 2^ inches in diameter will 
suit the requirements and conditions of work generally, and may save the 
employment of other screens having a mesh of a larger or less diameter, 
provided the method by which the renewal or repair of the surface of 
the roads is properly considered, and the necessary work is arranged for in 
a practical manner. 

The stone-breaking machine which has been described fully in the 
foregoing pages is the only practical machine, so far as the author is 
aware, combining the simplest form of construction for the efficient opera- 
tions of breaking, screening, and loading. The detailed amount of work which 
can be accomplished by its use, and the working expenses involved in 
the production of macadam, are such as will compare favourably with 
any other make of machine for similar purposes, while the motive power 
necessary to work it is considerably less than in the case of most of ihe 
other stone-breakers. The latest design of this stone-breaker is shown 
in fig. 106. 
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271. Marsden of Leeds and Mason of Leicester make a form of screening 
and loading machine, which is so arranged that all the material broken is 
elevated overhead to the top revolving screen, where the dust, chips, and 
macadam are separated. In working a breaking machine with this arraDge- 
ment it is obvious that the dust treated at such a height will be blown in 
every direction during the prevalence of wind, causing great inconvenience 
to the men engaged in working the machine. The increased carrying capa- 
city required for the elevator belt will necessarily involve a greater motive 
power to overcome the friction caused by this additional weight of material 
being raised. 

A great variety of the jaw type of stone-breaking machines are in use in 
the United States and other countries, all more or less constructed on the 
same principle as the original Blake. One form of stone*breaker differing 
widely, in the principle of construction and working, from the type of machines 
knovni in this country has, it is stated, been performing record work in 
America. 

272. Gates' ' Stone Onusher.' — This machine is known by the name of 
the * Gyratory Rock and Ore Crusher,' and is manufactured by the Oates 
Iron Works of Chicago. As the name implies, the mechanism is such that 
the ' crushing cone,' fitted on to a vertical or main shaft with a certain 
amount of eccentricity, impinges during its gyration against the material to 
be broken, and also approaches to and recedes from the sides of the enclosed 
cylindrical shell. The necessary power for operating the crusher is trans- 
mitted by bevel gearing and pinion, and is driven direct by a belt and pulley 
fixed on the counter shaft. 

It works without the intervention of fly-wheels, such as occur in the 
other types of stone-breaking machines, and it is claimed that under working 
conditions there is little or no vibration. 

It is of simple construction, and has few working parts. The strain on the 
gearing, however, when running at a high speed, must necessarily be very 
great, from which it is reasonable to suppose that great wear and tear and 
occasional breaking of these parts will take place. This machine, although 
specially designated a ' crusher,' would appear, from the construction and 
movement of the working parts, to create a sliding motion which would 
naturally subject the material to crushing. This, however, does not occur 
to any great extent in actual practice, the machine turning out a very fair 
sample of macadam. 

A vertical section of the gyratory machine, known as the ' D type,' 
which is the latest form of crusher made by this firm, is shown in fig. 107 
fixed on a timber foundation. 

The principal parts of the crusher may be described as follows : — The 
shaft A is held rigidly at the top in the spider J, while it is gyrated by 
means of the bevel gearing- wheel D, the bevel pinion £, the counter-shaft 
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F, and the polley O. The «cc«ntric B admits of the shaft carryiog the 
crashing head or tnmcated cone C approaching to and receding from tb« 
shell H. Inside the latter the concavea I are fixed, by which means the cone 
impinges the rock against the concaves. The material to be treated w 



Fio. 107. — Gates' gjr&tory b tone-crusher (lectionKl elsTation). 

dumped into the feeding hopper E, and after being broken leaves the 
machine by the shoot L to be elevated to the sorting sheds or screened 
under the fonndation on which the machine rests. In the former case the 
whole of the broken material, of varying sizes, is distributed by conveyois 
into separate bins for immediate removal, or stored for sabseqnent use. 

llie fonndatioQ for this type of crusher may be of timber, mason wotk, 
or concrete, to which the bottom plate M is fised. This class of crusher a 
made in dlfTerent sizes, and is calculated to break from 2 tons per hour 
with a No. machine, requiring 4 h.-p. (indicated) to driye it, up to No. ^ 
which is intended to break, according to the nature of the rock, from 100 
to 150 t«DS per hour, requiring an engine with an indicated h.-p. of fieo 
100 to 150 to drive it, iucludiog the screening and elevating srrangemeDtB- 

The price of the No. machine ia £75 and that of the Nol 8 iUOO, 
which figures do not include the cost of the necessary foondations. Tbi* 
stone-crasher has not, unlike most other American inveationa, been exten- 
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sively used in this country yet. The only recorded trial of their working, of 
which the author is aware, was that in open competition with a Baxter's 
stone-breaking machine at the Bath and West of England Show held at 
Bristol in June 1886. The stated capacity of the gyratory crusher (No. 5 
machine) was 40 tons per hour, and it was driven by a 10 h.-p. engine, but the 
actual quantity of macadam produced was only at the rate of about eight tons 
per hour. The other stone-breaker, Baxter's 1 6 inches by 9 inches, guaranteed 
to break 8 tons per hour, actually broke at the rate of 12 tons per hour, 
and was driven by a 6 lu-p. engine. An extensive plant of the gyratory 
type has been recently laid down at the granite quarries near Dalbeattie, 
Kirkcadbright, and has also been introduced at Hartshill quarries, Leicester- 
shire, and at Alderney, in the Channel Islands. It will be interesting as well 
as instructive to follow the actual performance of these machines on a class 
of rock similar to what the type of stone-breaking machines used in this 
country are accustomed to break into macadam, of which the quantity and 
cost of production are known. 

Haulage. 

278. The hauling or conveying of macadam from the breaking machine 
or quarry to the section of road under repair may be performed either by 
means of team labour or by traction-engines and wagons. Team work may 
be i>aid for at so much per day for each horse and cart, but is generally 
contracted for at a price per ton-mile, or, in other words, by results. The 
former method may answer to a limited extent under certain circumstances, 
but is not economical. 

274. Cost of Haulaga — The cost of haulage is arrived at by taking the 
total quantity of macadam carted direct from the stone-breaking machine to 
the road, where rolling operations are being carried on, or in the case where 
the surface repairs are executed on the patching system, to the road-side 
dep6ts, and the price per ton at the average distance. The average cost is 
determined by the price per ton-mile, and the mean distance from the quarry 
to a point midway between the nearest and the furthest points of the road 
upon which the macadam is applied. This work is best performed by con- 
tract, the conditions generally being that tip-carts only are to be employed, 
and that the quantity of material which must be transported each working 
day is stipulated, according to the breaking capacity of the machine employed. 

275. Number of Horses and Carts required. — ^The varying conditions 
of the work necessitate the employment of a greater or less number of carts 
during the progress of the rolling operations, depending on whether the 
distance is considerable or otherwise to which the macadam is to be con- 
veyed. The number of horses and carts engaged will also depend to a 
certain extent on the nature of the service roads over which the material is 
to be conveyed. When a quantity equal to 23 or 24 cwts. of macadam is 
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removed by one horse each trip, allowing from eight to ten minutes for 
loading, the average number may be taken at six carta for every mile of 
travel from the quarry or dep6t to the point where the macadam is to be 
deposited. For instance, if the metal is to be applied at a distance of 1| 
miles from where the breaking operations are being carried on, nine carte 
will be necessary ; should the distance be two miles, then the number of carte 
required will be twelve, provided, as already mentioned, that the weight of 
macadam carried by each cart is as stated. 

276. The Cost of Team Haulage. — ^The price per ton-mile for team 
haulage will vary according to the condition of the roads leading to and 
from the quarry, and whether they are hilly or otherwise of difficult accesa. 
The cost is also affected by the relative distances to which the material is 
carted ; that is, the price for a distance of say 1^ miles and upwards is less 
per ton than when the distance is under that mileage. This is brought 
about by the fact that in long journeys the horse is earning money with 
little lost time standing at the stone-breaker while the cart is being loaded 
as compared with a short distance from the quarry, as the time thus lost 
during a day's work will be greater, because in the latter case the horse 
returns more frequently to the quarry, and in consequence, by repeatedly 
losing time, less efifective work is performed. 

The cost of this work, in the district of which the author has charge, 
and embracing the experience of a number of years, shows that it may be 
taken at the following figures per mile, viz. : — 

Table XXX. 

Pence. 

On good service and main roads, 7} 

On do. do. bat slightly undulating, . . . . 8| 
On hilly roads with a good surface, 9} 

The first of these prices may be further taken as representing the work 
done by a single horse taking a gross load of from 32 to 34 cwts. The figure 
8^d. is applicable when the nature of the road necessitates the gross 
load being reduced in weight, and consequently the employment of more 
carts, or when it is necessary to provide occasional assistance in ascending a 
steep gradient. The figure 9^d. generally provides for assistance at one or 
more points, when the hilly nature of the roads would necessitate the average 
gross load per journey being considerably reduced in weight if such assistance 
were not provided at the points referred to. These prices are a fair average 
for team labour in country districts when constantly employed over consider- 
able periods of time. In the case of such operations being carried on in 
the vicinity of large towns the cost of haulage will be higher to the 
extent of from Id. to l^d. per ton-mile on the different figures given in 
Table XXX. 

277. One great advantage resulting from this method of conveying the 
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material compared with that of steam tractioD, although the actual cost of 
haulage by team work taken by itself is somewhat greater under certain 
circumstances, is the convenient manner in which the macadam can be 
deposited on the road, which greatly facilitates the spreading of it. At the 
same time a more direct means of regulating the amount of haulage necessary 
can be accomplished as the work of renewal gradually approaches nearer to 
the point of supply by simply reducing the number of horses and carts. 

278. BecordiBg Weight of macadam broken, for fiidng cost of 
Haula ge. — The loaded carts, as already stated, pass over a steelyard, and a 
record of the weight is kept in a book for the purpose. The form and 
manner in which the weights are arranged are shown below, and a day's 
work is given as an example. 
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It will be observed that the first four carts performed six trips, while 
the others accomplished only five, and the latter took the first turns the 
following morning and so on, equalizing as much as possible the amount of 
work performed by each horse. 

It will also be noticed that each horse hauled on an average 23^ cwts. of 
road metal, or a gross weight of fully 34^ cwts. each trip, from the stone- 
breaker to the road under repair. The empty carts are repeatedly passed 
over the steelyard to verify their weight, this being done each day during 
inclement weather. 

279. Steam Haulage. — Steam haulage by engines and wagons presents 

one important advantage, under certain circumstances, as a means of con- 
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veying the road metal direct from the stone-breaker to the point where it is 
to be applied ; that superiority being economy. It is imperative, however, 
that a suitable access be made to the quarries for this method of transporting 
the macadam, that the service roads be of sufficient width and strength to 
carry such heavy weights, and that the work should be effected during dry 
weather, otherwise considerable damage to the roads may be the result lu 
dry weather the crushing and breaking caused by the cross-bars on the 
driving wheels of traction-engines also at times injure the surface of 
the roads, and this injury the author believes would be avoided by using 
Boulton's patent wheels. The damage done generally to the roads by this 
system of hauling the material detracts from its usefulness as a means of 
economically transporting macadam for road purposea 

The area of the quarry floor must be sufficiently large to admit of the 
engine working freely, in removing and placing the wagons speedily in posi- 
tion so as to permit of as much time as possible being devoted to actual 
travelling. 

For a distance from the quarry up to one mile where the metalling is to 
be deposited, one engine and three wagons are necessary to carry on the work 
uninterruptedly, one of these wagons being held in reserve in case of an 
emergency. 

This may be considered the greatest distance which one engine can travel 
and return to the quarry in one hour, having regard to the time occupied in 
removing the loaded wagon and placing the empty one at the delivery shoot 
of the breaker, and the time consumed while discharging the metalling on 
the road under repair. 

Traction wagons having a capacity of fully 6 cubic yards or 7 tons would 
therefore be necessary with the class of stone-breaker described, as this is the 
quantity of 2^inch road metal which it can break in an hour. 

280. Cost of Steam Haulage. — The cost of steam haulage by wagons to 
a distance of one mile from the quarry is made up of the following items, all 
the plant being hired : — 

Table XXX 11. 
Cost of one day* 8 work. 



Hire of eugine, two men, and three wagons, .... 

Coals (steam navigation), 7 cwts., 128. per ton, 

Supply of water for engine, allow proportion as only being required in 

certain circumstances, one-fourth of a day's hire of above, 
Man in attendance while travelling, 1 man, 3s. 4d., . 
Allow for trimming the metal in the wagon during time it is being loaded 

1 boy, 2s. 4d., . 

Total cost, . . . 



£13 6 

4 2 

2 

8 4 

2 4 

£1 15 4 
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The cost of haulage up to one mile, taking 62 tons as the daily output, 
would therefore be 6'64d. per tan. 

When the distance slightly exceeds one mile it becomes necessary, so as 
to avoid storing the macadam, to employ an additional engine and set of 
wagons to carry on the work efficiently. This at once augments the cost of 
haulage by nearly 7d., or an inclusive price of 13'28d. per ton, immedi- 
ately aftor passing the one mile limit, to be again reduced to 6'64d. per ton- 
mile when the distance of two miles from the quarry is reached. 

It will thus be evident that when the point to which the macadam is 
conveyed is either one mile or two miles from the quarry, the cost of hauling 
is at the rate of nearly 6|d. per ton-mile, while each ton tipped on the 
road between the first and second mile will cost 13|d., and between the 
second and the third mile it will be Is. 8d. per ton. 

In other words, the cost of transport at the succeeding distances of \ 

mile, between the first and the second mile, varies considerably, as appears 

from the following figures : — 

Pence. 



At one-quarter of a mile beyond the first mile from quarry, . 10*62 

,, one-half ,, ,, ,, . . 8*85 

„ three-quarters ,, ,, ,, 7*58 



Again, at the two mile limit the cost decreases to 6'64d. per ton-mile, 
being the same as at the first mile limit. The variation in the price will be 
bettor understood when it is considered that up to one mile, which is in 
most cases practically the nearest distance from the quarry where the road 
metal can be applied, the single engine and set of wagons are fully occupied, 
while immediately after passing this point the two engines necessary are 
comparatively idle for a considerable part of the time. As the two mile 
limit is approached, however, the cost per ton becomes less, as there the 
plant is being more fully employed again. 

The cost of hauling direct from the breaking machine by an engine and 
wagons belonging to a County Council or Local Authority can be performed 
for about l^d. less per ton at the one mile limit, but to purchase extra 
engines and wagons for this purpose would not be economical, as, under 
ordinary circumstances, the time during which they would be occupied might 
only extend to seven or eight months each season. During the remaining 
months of the year there would be practically no work for this large plant, 
consequently no profitable results would accrue from the capital expenditure 
involved. Haulage by traction-engines and wagons, therefore, can only be 
carried out properly and economically by those possessing the requisite plant. 

The arrangements for traction haulage might be carried out in conjunction 
with team work, in so far that immediately after passing the first, second, 
and third mile limit, the steam traction haulage could be supplemented by 
that of team labour. This method of compromising the difficulty, however, 
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would complicate matters very mucli, and at its best a considerable amount of 
time would be lost in loading the macadam and depositing it on the road. 

It will be evident that the haulage of road metal for distances np to at 
least four miles by the aid of traction-engines and wagons is more economical 
at the different mile limits mentioned when the quantity of macadam broken 
by machinery has to be removed as it is manufactured, in order to save the 
expense of storing. When the work of applying the road metal and con- 
solidating it are carried out at or near the limiting points described, the 
greater will be the economy in this particular item of expenditure. 

281. When the work of hauling the material by steam power is per- 
formed by contract the price is generally Is. per ton for the first mile, and 
6d. per ton-mile for each additional mile for ordinary distances. For long 
distances the work can be accomplished for 4^d. per ton-mile. 

282. The macadam from the breaking machine is sometimes unavoidably 
stored in the quarry, by reason of the supply of carts being deficient, or by 
delays caused when steam traction is adopted for removing the material 
direct to the roads. 

Storing the macadam when no real necessity exists for such a procedure, 
or owing to any of the foregoing causes, ought to be guarded against^ as the 
additional cost entailed becomes a serious matter when large quantities have 
to be so treated. The interruptions necessitating storing may be only 
temporary, but in any case the wheeling or carting of the metalling to 
some convenient point where it can be easily filled into carts or wagons at 
some future time cannot be accomplished for less than l^d. per ton. The 
loading of this stored material into carts or wagons under favourable circum- 
stances will cost at least an additional l^d. per ton. When the position 
and level of the heap of macadam in relation to the position of the carts 
or wagons are such that wheelbarrows have to be employed to accomplish 
the work, the cost of refilling may amount to from 2^d. to 3^d. per ton. 
Thus the inclusive cost of storing and refilling will vary from 3d. to 5d. per 
ton, an expenditure sufficiently great to make the conditions imperative that 
storing the road metal should not be permissible, unless it is done as a 
matter of necessity or convenience. 

If this extra expenditure be included in the cost for hauling the metal- 
ling, the figures will be increased accordingly by the actual amount incurred 
for this work, and this expenditure is often found to have been quite 
unnecessary. 

288. From these observations it will be obvious that a considerable 
expenditure is incurred by adopting the system of employing one engine to 
perform the combined operations of breaking and hauling the macadam ; the 
material being stored during the process of breaking, and when this opera- 
tion is finished, utilizing the same engine for hauling purposes. When 
such an arrangement is permitted, the cost of storing and subsequently 



STONE BREAKING AND HAULAGE. 213 

lefiUiug the macadam will amount to nearly double the sum necessary to 
provide two engines for these operations separately and continuously, until 
the necessary quantity of macadam to be transported has been accumulated. 

28i. From the foregoing it is also evident that it is infinitely greater 
ecoxK>my to hire engines and wagons, and to remove the macadam as it is 
discharged from the breaking machine direct to the rosuls. Should a plant 
of this description not be available, the haulage should be performed by 
team work; this also applies to the case where such a plant can be 
obtained, but where the conditions are such that economy is not promoted 
by utilizing steam traction as a means for hauling road material 

lu counties having an available supply of suitable material for macadam- 
izing purposes within reasonable distance of any of the roads in the district, 
the methods of handling the macadam just described should be adopted. In 
the case, however, of a locality not possessing the necessary material in the 
immediate vicinity, it may have to be conveyed from a distance varying 
from 5 or 6 miles up to 20 and even 50 miles. In the latter instances the 
road metal is most conveniently and economically conveyed by rail. In the 
former case, to keep a road-roller working continuously at such a distance 
from the source of supply would be a serious matter. In the first place the 
material has to be removed from the stone-breaker to avoid storing, and in 
the second place the roller must be fully employed in consolidating the mac- 
adam, while the two operations involve the employment of such a number 
of engines and wagons as may not be available in the district. 

For similar reasons the employment of team work, considering the large 
number of carts which it would be necessary to employ in order to prevent 
stoppages or otherwise hamper the operations at either point, would be diffi- 
cult to obtain in most districts at a reasonable cost. It would then be neces- 
sary to adopt a system of storing the material and removing it by degrees 
when a suitable opportunity presents itself. Although it is not an economi- 
cal proceeding, as has been shown, still, under the circumstances, it is the 
only practical method possible of accomplishing the end in view, having 
regard to what, under these conditions, may be the more economical method 
of the two to adopt in conveying the macadam. 

285. Wagons with Folding Doors and Hoppers. — In steam haulage the 
wagons are made with folding sides to admit of the metalling being deposited 
into dep6ts, but when (as is usually the case) the macadam is to be spread 
direct on the road, the wagons are provided with hoppers which admit of road 
metal being deposited in a fairly regular manner on the centre or sides of 
the road. 

This assists to a limited extent the spreading of the metal, but in every 
instance it is necessary, iu order to properly mix the stones, that the 
macadam should be turned over by means of shovels before the rolling 
operations are commenced. 



^ 
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286. System adopted in the United States.— In the United States 
of America the work of transporting and spreading road metal is per- 
formed by horse wagons provided with a screw arrangement on the front 
of the vehicle, which on being raised causes the material to fall towards the 
back of the wagon, where it is discharged and distributed in such quantities 
as may be required. At the bottom of this distributor an adjustable iron 
plate, secured horizontally, regulates the thickness of the coating by being 
fixed at the height required above the upper surface of the material forming 
the bottom of a new road or the surface of an existing one. 

This arrangement, the important feature of which is economy in handling 
the metalling, will be extremely serviceable provided the macadam composing 
the coating is of an equal and uniform size, but otherwise, and so long 
as stones composing the metalling vary in volume, even to a small extent, 
the work of spreading it can only be satisfactorily performed by hand 
labour. 



CHAPTER VII. 

ROAD-ROLLING AND SCARIFYING. 

Eoad-roUing. 

287. — The first important step taken in this country in the direction of 
advocating road-rolling by horse power as a measure of economy was set 
forth in a paper written by Sir John F. Burgoyne, R.E., when acting as 
Chairman to the Beard of Works in Ireland, and published in 1843. This 
means of consolidating the metalling of newly- made roads was employed 
in that country under his directions, and may be considered the first attempt 
in a practical way of forming an improved road surface — not as a matter of 
refinement, but as a necessity. A full description of the methods followed and 
cost of this scientific road-rolling, which is the more valuable now, will bo 
found in the treatise on Roads and Streets^ by Law and Clark.* 

288. Although it is recorded that the first allusion made to road- 
roUing in England was by one named Shotbolte in 1619, still the first 
practical horse-roller was made in France in 1787 by M. de Cessart, then 
Inspecteur-GmercU des Fonts et Chaussees, 

It consisted of a cast-iron roller, 8 feet wide, 3 feet in diameter, and 
weighing 7000 lbs. (old French weight). 

After repeated trials, the experiments appear to have been discontinued, 
probably owing to the disturbed political state in which France was at that 
time. 

In the year 1817, Philip Hutchison Clay patented in this country a 
horse-roller, with a carriage over it, which could be loaded with weights 
varying from six to twenty tons. 

Since that time horse road-rolling has been practised in this country, 
as well as on the Continent of Europe, to within comparatively recent 
years. 

289. An interesting history of this subject, including steam road-rolling, 
is given by Mr. F. A. Paget, C.E., in a report to the Metropolitan Board of 

* Weale's Series, 197, Appendices, pp. 818, 819. 
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Works, 1870,* to which the author refers his readers for a full description 
of the early attempts iu the direction of improving the highways. 

290. The difficulties inseparable from a system of rolling roads by this 
means, especially when a great many horses were employed, were such, con- 
sidering that the weight of the rollers made it difficult to manipulate them, 
and that the stones forming the metal coating were displaced by the action 
of the horses' feet, that their introduction and employment was only practised 
to a limited extent, owing particularly to the great expense incurred in 
working them. 

The application of rollers to consolidate a coat of metalling, like most 
inventions and innovations, has been brought about by gradual evolution. 
The results achieved in France by the use of horse-rollers proving in a 
measure successful, the further improvement of the means by which the 
freshly-laid road metal could be effectively consolidated, led those interested 
in the repairs of the public highways in that country to substitute steam for 
horse- power. 

291. The first patent for a steam-roller was taken out in France in the 
beginning of 1859, by M. Louis Lemoine of Bordeaux. This steam i-oad- 
roller weighed ten tons, and was steered by means of gearing and a pair of 
guide-wheels. Besides being used on the roads at Bordeaux, it was tried in 
1860 on the roads in the Bois de Boulogne, Paris, and it was improved in 
different ways subsequent to 1859. In August 1860, another steam road- 
roller was patented in France by Ballaison, and used on the roads there by 
Messrs. Gellerat & Co. of Paris. In 1862, experimental trials were carried 
out with both these steam rollers by the French engineers of state, who, 
besides expressing a strong opinion in favour of steam-rolling in general, 
gave preference to the latter machine. 

In 1865 Messrs. Qellerat & Co. of Paris designed a steam road-roller ; 
but it is stated that, owing to the small diameter and wide roller wheels, the 
contoar of the road was destroyed and the metalling left in ridges» not 
smooth as it should have been ; while the cost of working was excessive, the 
coal consumption alone being nearly 4 cwts. per hour. 

292. In 1863, Mr. W. Clark, municipal engineer, Calcutta, and 
Mr. W. F. Batho, Birmingham, designed and patented a steam roller ; this 
was the first attempt made to construct a steam road-roller in this country. 
It was made in the latter city, and sent to Calcutta in 1864. 

The principal feature of this machine was the use of three sets of rollers, 
two in front acting as drivers, while the third or hind wheel was set in a 
turn-table arrangement, being adjusted so as to steer the engine and at the 
same time to overlap the space between the outside driving-wheels. 

• Report on the Economy of Road MahUcnaiice and Horse Draft through Steam 
Road- rolling, xcUh SpecifU Reference to the Metropolis, by Frederick A. Paget, C.E., 
1S70. 
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Two similar road-rollers, bat made by Messrs. Moreland & Sons, London, 
were sent out to Bombay in the following year. 

Many other attempts were made about this time to obtain a reliable and 
economical working road-roller, and even treu^tion-ongines were requisitioned 
and attached to cast-iron rollers for this purpose. 

293. First successfdl Steam Boad-roUer made in England. — The first 
successful steam roller made and set to work in Great Britain was that con- 
structed by Messrs. Aveling & Porter of Rochester, after trials in Hyde 
Park, London, in 1865, with an ordinary traction-engine having broad rollers 
substituted for the ordinary road wheels. 

The steam road-roller, shown in fig. 108, was constructed for the Cor- 
poration of Liverpool in 1867 ; it weighed 30 tons, and its cost was stated 
to be £1000. 

Steam road-rolling had by this time achieved some success, and the 
pamphlet on the subject by Mr. Paget, already referred to, greatly popularized 
this method of repairing roads, many of the London vestries making trials 
with very encouraging results. 

294. First Steam Boad-roUer introduced into Scotland. — The first 
road-roller introduced into Scotland was that purchased from Messrs. Aveliug 
& Porter by the Edinburgh City Road Trust, in 1870. The amount and 
cost of the work accomplished by this road-roller was the subject of a paper 
read at a meeting of the Engineering Section of the Royal Scottish Society 
of Arts, Edinburgh, by Mr. D. C. Proudfoot, city road surveyor, in 1882. 

From these early and successful attempts to construct road-rollers this 
firm of Rochester engineers commenced to make and perfect the construction 
of them on an extensive scale, the leading feature being an adaptation of 
their form of traction-engine with an arrangement of rollers and turn-table, as 
shown at fig. 109. 

The form and construction of the road-rollers made by Aveling & Porter 
have been gradually perfected from time to time by introducing important 
improvements and utilizing the knowledge gained from experience, producing 
an engine which can be easily managed, and which is economical in working. 

295. The latest design of this firm's 15-ton convertible road-roller is 
shown in fig. 110, with one of Morrison's Scarifiers attached. 

Since 1867 this Rochester firm has made and sold over 3000 steam road- 
rollers, varying in weight from 10 tons up to 25 tons. Most of these are 
working in this country j but a great number are in use in the Colonies, on 
the Continent of Europe and in America, while in India alone there are 
hundreds. 

The other principal firms manufacturing road-rollers in this country are 
Messrs. Fowler & Co., Messrs. Green & Son, and Burrell ; while in the United 
States the most noted are the Springfield, the Pitts, the Harrisburg and the 
Columbian rollers. 
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296. Advantages of Steam Boad-roUing. — The advantages of road> 
rolling may be^sammed up as follows : — 

(1.) The roads being made for the traffic, a saving of metalling is effected, 
as the stones are interlocked by the process of consolidation and present only 
one surface subject to wear, compared with the abrasion inseparable from the 
system of patching and consolidating by wheel traffic. 

(2.) A harder and more regular surface is obtained, the road genei-ally 
has a better appearance, ease of traction is promoted, injury and suffering to 
animals are avoided, and the damage to the wheels of vehicles is reduced, 
owing to the absence of newly-laid or loose metalling lying on the surface 
of the roads. 

(3.) The crust of the road contains only a small amount of binding or 
soluble matter, wherefore there is a material reduction of the quantity of 
mud in wet, and dust in dry weather ; and the surface of the roads do not 
require the constant attention which is necessary with metalling during the 
long process of consolidation by vehicular traffic. 

(4.) Scraping and cleaning are reduced to a minimum by reason of the 
road being practically impervious to the effects of weather and traffic ; the 
sujrface wears longer, and the absence of loose stones in dry weather secures 
greater efficiency and diminished cost of maintenance. 

Steam road-rollers are now almost universally adopted on account of the 
superiority and economy of the work done, the shorter time necessary for 
repairs or construction, and also the indirect saving effected owing to the 
reduced wear and tear of horses and vehicles. 

297. Different Types of Boilers made ; Weight and Oonstruction. — 
Steam road-rollers are made of different weights, chiefly 10, 12, and 15 tons, 
for use in this country, while a few rollers of 20 and 25 tons have been con- 
structed. The former weight of roller is used in Paris, while the latter is 
that adopted in Madrid. 

The 12-ton engine rolls a width of 6 feet 5 inches, and the 15-ton roller 
7 feet 3 inches wide, and these are the class generally used in Great Britain 
for county work, while 10-ton rollers for the most part are employed in the 
larger towns, owing to the difficulty experienced in connection with gt^Sy 
water, and other service pipes in the use of a heavier class of roller. 

A short description of Avcliug & Porter's 15-ton roller may be here given. 

The boiler is of the ordinary locomotive type, the cylinder being placed 
on the top and at the forward end of the boiler, and surmounted with a 
steam jacket. The steam is taken direct from the boiler, and admitted to 
the cylinder without the intervention of steam pipes, thus avoiding loss in 
the effective pressure of the steam through being condensed. 

They are made either with a single cylinder or on the compound prin- 
ciple, and, when necessary, can be constructed so as to convert the roller into 
a road engine for hauling purposes, by substituting traction wheels for the 
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front and rear rolls. The rear driviug-wheels are 6 feet in diameter and 
20 inches wide, those in front 4 feet in diameter, set close together, and 
having a combined width of 4 feet 6 inches. The front rolls are surmounted 
by a swivelling fork having a vertical spindle working in the fore-carriage 
bracket, which supports the front end of boiler. Provision is made for the 
spindle having sufficient play to admit of the front rolls accommodating 
themselves to the contour of the road. By means of this arrangement ou 
the fore-carriage in conjunction with the worm-wheel and side chains, the 
steering of the engine is provided for, and operated from the footplate, the 
working of the engine being under the control of one man. The distance 
between the centre of the driving-wheels and the front rolls in the 15-ton 
convertible engine is 1 2 feet 6 inches, and the weight of the ordinary roller 
in working order, with scarifier attached, is 16^ tons, distributed as follows, 
namely — two-fifths total weight on front rolls, and three-fifths of total weight 
on the driving or hind wheels, or fully 5 tons on each wheel. This gives 
the driving-wheels, when the roller is working on a level stretch of road, 
a compressive force of 4*88 cwts. per inch of width, being twice that 
exert«d by the front rolls. When rolling on a gradient these latter figures 
will be slightly increased, owing to the effects of gravity and the weight of 
the water in the boiler being then greater at the rear end of the engine. The 
brackets for carrying the gearing are formed by the side plates of the fire-box 
being extended upwards and backwards in one piece, thus obviating the 
usual unsatisfactory method, common to many road-engines and rollers, of 
bolting them on to the boiler, which causes a considerable strain and injury, 
and consequently increases the cost of working and repairing. The wear and 
tear of the spur-wheels and pinions are reduced to a minimum by these 
being brought close together, and the combination produces the maximum of 
strength in the working parts. They are fitted with compensatory motion 
or differential gear, which enables them to be steered round sharp turns 
easily without slipping. Two speeds are provided, which can be thrown into 
and out of gear by a single operation by the driver from the foot-plate. 

As previously mentioned, the steam road-roller is a special adaptation of 
the ordinary road locomotive either with single or with compound cylinders. 
Those constructed on the latter principle, although the first cost is consider- 
ably greater and repairs more numerous, are notable for their silent working, 
the steam first doing duty in the high, and afterwards in the low pressure 
cylinder. Thus the steam, in passing from the engine, is discharged into 
the atmosphere at a relatively low pressure, reducing to a minimum the 
noise from the exhaust when at work, an important matter when rolling in 
towns or on busy suburban roads. 

An engine constructed on this principle can be started readily in any 
position of the crank, and there is an entire absence of sudden jerks and 
shocks inseparable from an engine with a single cylinder only. 
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It is also claimed that a cousiderable saving in the consumption of coal 
and water required is effected by a road-roller having a compound cylinder 
over that of one with a single cylinder only, which may result in greater 
economy of the working expenses, especially when the fuel has to be brought 
from a considerable distance, and in districts where water is scarce. Another 
matter of considerable importance is the reduced temperature of the fire-box, 
owing to the steam being expanded down before passing through the 
exhaust into the chimney. The fierce draught caused in high pressure or 
single cylinder engines creates considerable wear and tear to the fire-box and 
tubes, which does not occur to any great extent in engines constructed on 
the compound principle. 

In selecting a steam road-roller for the consolidation of the metalling in 
making new or repairing existing roads, it is necessary to consider, in the 
first instance, the nature or quality of the material which is to be employed for 
the purpose of construction and repairs. The weight of the roller most 
suitable in any circumstances will, therefore, have to be in a great measure 
determined by the quality of the macadam made use of in the particular 
locality concerned. 

The great object to be attained is a resulting coat of metalling com- 
pressed to such a degree, without crushing the material, that the interstices 
are just apparent and contain the least possible amount of binding con- 
sistent with the proper cohesion of the stones forming the coating. 

To accomplish this effectually with hard and tough road metal the 
greatest weight of road-roller permissible should be employed which will 
consolidate the coating without crushing the stones composing it. 

298. Experience shows that for consolidating such material as granite, 
syenite, basalt, and whinstone of good quality, the greatest amount and the 
best work are obtained by the employment of a 15-ton roller, which exerts a 
compressive force on the material under consolidation of from 4*88 to 5*42 
cwta per inch of width of wheel. For convenience and comparison, the 
weight per inch of the bearing surface of the different kinds of rollers 
generally employed is given in Table XXXIII. 

Table XXXIII. 

Weight per inch of 

Class of Road-roller in Steam. width in 

driving- wheels. 
15- ton road -roller, woighing in working order 16^ tons, 

driving- wheelb 18 inches wide 5*42 cwt. per inch 

15-ton road-roller, weighing in working order 16^ tons, 

driving- wheels 20 inches wide, 4*88 ,, 

12-ton road-roller, weighing in working order 18 tons, 

driving-wheels 17 inches wide, 4*59 

10-ton steam-roller, weighing lOf tons in working order, 

driving-wheels 16 inches wide, 3*94 ,, 
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299. Oa referring to Table VL, p. 38, it will be observed that 
the greatest compressive effect is produced by carts having wheels with 
narrow tires, amounting in the case of No. 14 to 8 cwts. per inch of 
width. 

This is, however, exceptional, and seldom occurs in practice, or at all 
events should not be tolerated. In all the other cases, under normal con- 
ditions of use, the weight per inch of tire is about equal to the compressive 
power exerted by the driving-wheels of a 15-ton roller. 

In order to obtain the best wearing results from a coat of metalling it is 
obviously necessary that the weight of the machine by which the material 
is consolidated should be greater than, or at least equal to, the displacing 
force or weight carried by vehicles of ordinary construction, provided the 
material is capable of withstanding the pressure without failure during the 
process of rolling. 

300. Selection of BoUer according to nature of Material used, and 
other Subsidiary Causes. — With macadam, the stones of which are of a 
less tough variety or of a brittle nature, such as mountain limestone, some 
granites, the softer descriptions of whinstone, Kentish rag, ironstone slag, 
and flints, the employment of a roller 15 tons in weight would result in the 
stones composing a coating of such material being considerably crushed, 
and probably rendered useless. 

It is obviously necessary, therefore, to make use of a lighter roller in 
such circumstances, the quality of the macadam being a factor in the matter 
of selection. 

The 12-ton roller will be found suitable for the materials mentioned in 
the preceding paragraph, while in some cases a roller weighing 10 tons may 
be advantageously used, and in particular cases this is the minimum weight 
which can be employed successfully. The width which the former covers 
when rolling is 6 feet 5 inches, while the latter rolls a width of 6^ feet. It 
is for this reason that in many of the English counties rollers of different 
weights are employed, the material obtained locally, and used for macadam, 
being variable in quality, while the best class macadam for main roads is in 
many instances brought from adjoining counties where available, and even 
from centres situated at a considerable distance. The Welsh quarries supply 
a considerable proportion of the material necessary to the counties lying on 
the west coast, and many of those inland in an easterly direction, while 
many of the midland counties are supplied from Clee Hill and the Leicester- 
shire quarries. The 15-ton road-roller already described is used in Scot- 
land on county roads, almost without exception ; a limited number of 
12-tou rollers are employed in bnrghs where the matter of choice is deter- 
mined not so much by the quality of the macadam as by the position and 
number of the gas and water mains, and also the service pipes, which are, as 
a rule, near the surface of the road. 
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The quality of the rock from which macadam is produced being for the 
most part of a hard, tough, and durable nature, the weight of a 15-ton 
roller occasions little or no damage to the material when ordinary pre- 
cautions are exercised. 

The amount of work performed in a given time by the different classes 
of road-rollers mentioned must necessarily vary, and be less in proportion 
as their weight and width of rolling surface decrease. 

301. Quantity of macadam consolidated by Steam Boilers. — The 
quautity of material which a road-roller is capable of consolidating in one 
day will depend on the quality of the road metal and thickness of the 
coating applied, the amount and nature of the binding used, the available 
water-supply and the time lost by compulsory stoppages for the passing 
traffic. 

A 15-ton roller, working nearly continuously, will on moderately level 
roads thoroughly consolidate a coating of metal 3 to 4 inches in thickness 
laid direct on the surface of the road under repair, without the intervention 
of scarifying, and using just sufficient binding to fill the interstices between 
the stones, from 60 to 64 tons, or about 55 cubic yards each day of nine 
hours' duration. When working on gradients, however, a less quantity of 
material can be rolled, diminishing in amount as the incline becomes 
steeper, owing to the artificial watering necessary for consolidating the 
coating escaping from the metal, and with it a considerable amount of the 
binding material, into the water channels and ditches, or down the inclined 
part of the road past where the operations are being carried on. The amount 
of work done by a 12- or 10-ton roller under similar conditions and time, 
allowing for the extra number of passages necessary to be made relatively to 
ensure thorough consolidation, may be taken at 40 and 30 tons respectively. 

These quantities are applicable to cases where from twelve to twenty 
minutes are lost each hour by compulsory stoppages. When the number 
and gravity of such interruptions are such that a greater amount of time is 
consumed, as when working on suburban roads or when rolling in towns 
of which the streets are not given up to the exclusive use of the engine, the 
quantity of macadam consolidated each day will be reduced considerably, 
and in extreme cases the amount may not reach the figures stated by one 
half, or 32, 20, and 15 tons respectively. 

302. Cost of Steam Boad-roUing. — The cost of steam roUmg depends 
on the system adopted, the amount of work accomplished depending on the 
degree of consolidation necessary, and the principle on which the chargeable 
expenses are calculated. 

In many instances the cost is stated by some authorities on the subject 
at so much per square yard, varying from ^d. to Id., but as the quantity of 
road metal which will cover a square yard varies according to the thickness 
of the material applied, it is advisable, in order to obtain reliable figures, 
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to calculate the coet of rolling at a price per ton or cubic yard con* 
solidated. 

The figures in Table XXXIY. may be taken as representing the different 
items which ought to be included in the expenses of steam-rolling continuous 
coatings of from 3 to 4 inches in thickness, allowance being made when 
necessary for local differences in the cost of labour and fuel 



Table XXXIV. 

Cost of steam road-rolling. 

Designation. Cost per day. 

Foreman, 1 man, 4s. 2d., £0 4 2 

Engineman, 1 man, 48., 4 

Sweepers, 4 men, 8s., 12 

Manandhorsefor water-cart, 8s., 8 

Coals (steam navigation), including carting, 4} owts., 12s. per ton, 2 9 

Oil, waste, and brooms 10 

Total working expenses, . £1 11 11 

Add for repairs and depreciation and insurance on roller, repairs 

on sleeping- van and water-cart, 8 6 

ToUlcost £1 15 6 

Taking the quantity of metalling which can be consolidated by a 15-ton 
roller in one day at 60 tons, the cost on the working expenses alone will 
amount to 6'd8d. per ton, and when the amount for repairs and 
depreciation is included the cost is increased by 0*7d., or an inclusive 
price of 7*08d. per ton; this is equal to 7*09d. per cubic yard in 
the former case and 7'79d. in the latter. The working expenses in 
connection with a 12 or 10-ton roller are almost similar to the expenditure 
incurred in operating a 15-ton roller, but assuming this to be 28s. 5d. per 
day, and taking the quantity of macadam which these rollers can con- 
solidate as stated at page 224, the cost per ton will be 8^d. and 11^ 
respectively, exclusive of spreading the macadam. When the road surface 
is prepared by being picked or scarified, and when the coatings are of less 
thickness than stated, the cost of rolling will be correspondingly reduced. 
Should the available source of the water-supply be situated at a considerable 
distance from where the work is being carried on, it may be necessaiy to 
employ an additional water-cart, in which case the cost of rolling will be 
increased by l'60d. per ton. 

The price per ton, including spreading the macadam, in the district 

supervised by the author has been, taking the average of a number of years, 

8^. per ton for the working expenses, but exclusive of depreciation and 

P 
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tepaiiB. If the latter be incladed, then the total coet per ton amoimtB to 
9-2d. 

When the work of rolling is performed by contract, the cost is generally 
from lOd. to Is. per cubic yard, but this does not include spreading the 
macadam. The calculations in the foregoing paragraphs are based on the 
assumption that a suitable and sufficient quantity of binding material can 
be obtained in close proximity to the work on hand. 

As the quality of the binding used is of vital importance, the employ* 
ment of inferior material, such as road scrapings, or material of a clayey 
nature, should be avoided, even if the initial cost of the work should be 
greater when a good binding material is used. 

808. Binding MateriaLs. — Metalling consolidated with clayey or otiier 
improper matter as a binding material may present a good appearance 
immediately after being rolled and be otherwise an apparently good piece 
of work, still in damp or foggy weather a considerable amount of ' licking 
up ' by the wheels of vehicles will take place, which reduces the strength of 
the coating, and causes the surface to wear unequally. 

By the application of an immoderate quantity of binding of any descrip- 
tion the coating of metal will become unsound or rotten in condition, and if 
this material be of an argillaceous nature, will expand during frosty owing 
to its absorbent properties, and cause the displacement of the metalling 
in wet weather. The surface will become sticky, which seriously affects the 
tractive power of horses, while the road itself will suffer by the irregalar 
deterioration of the surface. 

The use of such a material for binding, as mentioned, enables rolling to 
be accomplished in much less time than when proper binding is used, and 
the cost of consolidating the macadam may be reduced by 25 per cent. ; but 
on the other hand the metal* coating, which will probably contain under 
these circumstances from 30 to 40 per cent, of soft and soluble material, 
and possibly present a smooth surface immediately after being rolled, will 
quickly become 'cupped' by wheel traffic, a bumpy surface being the 
result. This is caused by the irregular wear, while the lasting qualitiesi or 
Mife,' of the coating will be shortened, giving unsatisfactory results to 
those travelling over the road, and the work of renewing the surface of 
the road in this manner may prove a failure on economical grounds. There 
can be no doubt, and it is now being more generally recognized, that sand 
as a material for binding in connection with rolling operations, when applied 
in a limited but sufficient quantity, promotes the durability of the metal 
coating, while the general results are equally satisfactory ; a firm, compact^ 
and smooth surface is obtained, and the subsequent maintenance of the road 
is minimised. 

The difficulty and consequent cost of obtaining this kind of binding 
material in many districts may preclude its being used. In such cases a 
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material of a light and friable nature, free from vegetation, should be 
employed, or road-drift and the screenings from the stone-breaking machine 
may be advantageously employed for this purpose. 

When using clean sand great care should be exercised in applying it, as 
in the event of its being spread over the surface of the macadam before it 
IB ' set,' or sufficiently rolled in a dry state, the sand will be carried to the 
bottom of the coating by the artificial watering necessary for consolidation, 
and being irrecoverable, it will form an irregular and undesirable cushion 
between the old and new metalling. In consolidating highly siliceous 
macadam it is advisable to use loamy sand, in order to ensure cohesion. 
If clean sand be used in combination with the screenings from the 
breaking machine a very sound and satisfactory road surface will be 
obtained. 

When renewing the crust of a road with a heavy coat of metalling of 
from 3 to 4 inches in thickness, the author invariably applies sand when 
possible, finishing the surface of the road with the screenings from the 
stone-breaking machine. This gives a smooth, clean surface to begin with, 
and the metal coating obtained will withstand much more wear than a 
coating made with an inferior binding. 

A greater amount of rolling is necessary when sand is employed ba a 
binding material, but economy is promoted, and the results are more satis- 
factory when sand is used than by the use of a material which gives to the 
metalling an appearance only of having been properly consolidated. 

When the surface of a road is scarified and a coating of fresh metalling 
one stone thick applied, it will be found that there is no necessity for employ- 
ing any additional binding materials, as the old metalling contains a 
sufficient amount of detritus for the purpose. 

804. If the surface of a road is scarified and the old metalling 
screened (the method of accomplishing which will be explained in the 
Chapter on Road Maintenance), a sufficient quantity of small stones and 
fine sand or detritus will be obtained which forms an excellent binding, 
provided it is not incorporated with any material of a clayey nature or other 
unsatisfactory matter. 

805. It should always be remembered that the best road is made, other 
things being equal, with the least possible amount of binding consistent 
with cohesion ; provided the crust of the road is properly formed transversely 
and of sufficient strength, a smooth even-wearing surface and an economically 
maintainable road will be the result. The cost of carrying out the work of 
consolidating the macadam in this manner is indicated in Table XXXIV., 
page 225. The working expenses need not exceed the amount stated unless 
the binding has to be purchased and hauled a considerable distance, or 
there is not available a water-supply affording a sufficient quantity 
within easy reach of the rolling operations, necessitating extra expenditure 
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in the employment of additional water-carta These circamstances will 
deteroiine in a great measure the actual cost of such operations in any 
particular county or district of a county. 

806. Mileage of Boada which can be undertaken with one BoUer. — 
The mileage of roads which should be apportioned to each roller in a coonty 
will depend on the weight of the machine adopted, the rolling width, 
as also the amount and method of carrying on the work, either by patching 
or by spreading the macadam in long stretches the full width of the road. 
When working, the operations may be considerably affected by the 
frequency of the interruptions experienced on account of passing traffic 
and by the climatic conditions. It may be stated, however, that on county 
roads over which local or purely agricultural traffic passes, one roller wiU 
suffice for consolidating from 100 to 120 miles of road; but if the traffic is 
partly due to local industries, one roller is required for from 60 to 80 miles 
of road. In provincial towns and urban districts 40 to 50 miles would 
be a sufficient mileage to be properly served by one roller. In manu> 
factoring towns and cities the extent of roads which one roller is dupable 
of being employed on, will depend very much on whether the work can 
be carried out continuously or intermittently only. In the former case a 
full day's work can be performed, and the quantity of metalling which can 
be consolidated will vary according to the weight of the roller employed 
and the other influencing conditions; while in the latter instance pea- 
sibly only one-half of the amount of macadam capable of being consoli- 
dated by the roller under ordinary circumstances may be dealt with in one 
day. 

807. Hiring Boad-rollers. — ^The hiring of road-rollers appears to be still 
a matter of controversy in some of the English counties. 

The system of hiring was at one time greatly taken advantage of in England 
ior the purpose of effecting much-needed improvements in the condition of the 
main roads, immediately after the passing of the Local Government Act, 
1888, creating County Councils, but the more economical and satisfactory 
arrangement of purchasing road-rollers is now gradually being adopted. 
The hire system, however, is still practised in many counties at the present 
time, even where the mileage of the roads would ensure many road-rollers 
being fully employed all the year round. 

The cause of this preference is somewhat difficult to guess,* no valid 
reason being given for the adoption of hiring, except that it is cheaper to hire 
■and save the annual cost of repairs on the rollers. This has been stated to 
amount to £30 or £40 per engine per annum in some isolated instances, but 
(admitting this to be the case) the party who supplies the rollers on hire^ or 
contracts to perform the work at a tonnage rate, must obviously include the 
cost of such repairs in the charge for performing the work. The cost of 
annual repairs as stated above is excessive, as will be shown presently, 
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onleBs some eztraordiDaty expenditure was indaded in the figares relating 
to the particular year for which the statistics are given. The cost of hiring 
rollers Taries considerably, but 25s. per day may be taken as an average, 
which sum includes the engineman, coals, oil and waste. 

Taking the quantity consolidated each day at a mean between the rolling 
capacity of a 15-ton roller and that of a 12-ton roller as 60 tons of metalling, 
the cost would be 6d. ; to this sum must be added the collateral expenses 
for sweeping and for the use of a water-cart and horse, which amounts to 
5d. ; this gives an inclusive price of lid. per ton consolidated, the price per 
ton increasing as the quantity of macadam rolled becomes less. 

The usual contract tonnage price for hiring is Is., so that taking the 
difference between the two systems at the low figure of 3d. per ton or about 
25 per cent, and reckoning the useful effect of one road-roller at 8000 tons 
of macadam per annum, it is obvious that the expenditure incurred for hiring 
would be sufficient in the course of three or four years for the purchase of a 
roller. 

808. In France, when the rolling is done by contract, the amount of 
consolidation considered necessary is usually stated at so many ton-miles for 
each cubic yard, the engine travelling at a maximum speed of 2^ miles 
an hour. 

This varies according to the weight and width of the rolls, the average 
being 2^ ton-miles per cubic yard, and the contract price is about 5d. per 
ton-mile, exclusive of the water-supply. The necessity for hiring, however, 
becomes apparent when the mileage of roads under an authority or urban 
council is too small to justify them, on economical grounds, in purchasing a 
road-roller, especially when the quantity of macadam to be consolidated is 
only sufficient to keep it at work for a few months in each year. In 
Scotland all the road-roUers are purchased for county work, but hiring to a 
limited extent is practised in provincial towns and isolated places. These 
rollers were, for the most part, in use under the old regime of the ' Road 
Trustees,' and previous to the advent of the County Councils, although 
many road-rollers have been introduced since that date. 

809. Bepairs. — The annual cost for repairs on steam road-rollers is a 
subject which cannot be detailed with accuracy, as they have not been in 
use for a sufficient length of time. 

All the working parts of an engine will necessarily require renewal in 
the course of time, however remote that time may be. The careful handling 
of the engine by an experienced driver will greatly reduce the cost of 
repairs, and if he is of a practical tarn (as he should be) the cost for many 
slight repairs will be trifling. 

The cost of repairs on road-rollers, used as such only, has been, in the 
author's experience, extending over a period of ten years, slightly under £15 
for each engine, which sum includes the renewal of the driving-wheels or 
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hind rollers after an average wear of seven years, during which time 60,000 
tons of metalling had been consolidated by one road-roller. The driving 
rollers are subjected to great wear, as may be imagined, and the renewal of 
these forms one of the heaviest items of expenditore. Yarions maana 
have been devised to remedy this by adopting steel for the tires, while 
renewable rims are recommended by many makers of rollers. These have 
all more or less failed to overcome the difificolty, as the renewable tiresi 
although appearing to satisfy the requirements in practice, are unfortunately 
found to be wanting in many essential particulars. 

In all probability a new fire-box, tubes, and other minor parts will be 
required in the course of a few years ; so that the actual cost of steam road- 
rolling may be somewhat more than the sum just stated. An inclusive sum 
(having regard to the probable future requirements of renewals and repairs) 
of £23 per annum for each roUer should be sufficient to keep it in efficient 
working order. This is at the rate of 5 per cent, on the purchase price of & 
15-ton roller. The only other direct and available information on the 
subject of a reliable nature, so far as the author is aware, is detailed in a 
paper by Mr. K T. Hooley, County Surveyor of Notts,* ou < Steam Rolling,' 
which, besides alluding to the matter of repairs, describes in a lucid and 
exhaustive manner the histojy of steam road-rollers, and the work performed 
by them generally. 

Mr. Hooley states in effect that after five years' service it was found 
necessary to send the rollers, three in number, to the makers' works to 
be thoroughly overhauled and supplied with new sets of wheels. The 
total cost of tbese repairs and renewals amounted to £388, 18s., which is 
equal to an annual expenditure of 6 per cent. ; when returned the rollers 
were practically as good as new. 

810. Judging by the number of steam road-rollers at present in use an 
idea may be formed of the high appreciation of road>rolling in this country, 
when it is stated that the firm of Aveliug & Porter alone have made and 
sold over 3000 steam road-rollers, the majority weighing from 10 to 15 
tons. In London alone more than 100 rollers are in daily use on an area 
of 400,000,000 square yards of macadamized and flint roads, which repre- 
sent over 2000 miles of road having an average width of 30 feet. 

311. The cost of steam road-rollers and accessories are detailed in 
the subjoined table, which applies only to the usual type of machine 
used ; special requirements to suit particular circumstances involve a larger 
cost 

* A paper on ' Steam Boiling' read before the Incorporated Association of Hunieipal 
and County Engineers, and published in their Proceedings^ vol. xxii. p. 284. 
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Tablb XXXV. 



Detcriptioii of Plant. 



roller \ 



Ift-ton road-rollar, single cylinder, 

15-toD road-roller, single cylinder, conyertible, with roller! 
wheels only^ no traction wheels or fore-carriage, . . j 
flet of four traction wheels and fore-carriage, 
12-ton road-roller, single cylinder, 
12-ton road-roller, single cylinder, oonyertible, with 

wheels only, no traction wheels or fore-carriage, 
Set of four traction wheels and fore-carriage, 
10-ton road-roller, single cylinder, 
If made oomponnd, extra, 15- ton roller, 

12 „ ^ . . 

10 „ . . 

15 tons conrertible, 

12 
Sleeping-yan to accommodate four men, 
Traotion wagon, capacity 4 tons, . 

»f ti " i» • • 

f» If " »i • • 

Water-cart) ,, 240 gallons, . 

Scarifier attached to any class of roller, 



)i 



*> 



f9 

>> 



Cost of Boiler and 
Acoessories. 



£ $. d, 

460 

600 

75 

400 

525 



65 
375 
75 
55 
55 
80 
60 
76 
65 
75 
85 
85 
100 



































Scarifying Macadam Boads. 

812. Scarifiers or Machines for Breaking up Macadam Boads. — In 
repairing the surface of a road by the aid of a road-roller, the usual practice 
is to lay a sufficient thickness of metalling to bring the contour of the road 
into proper form, which often involves the application of considerable quan- 
tities of material. Laying macadam one stone thick on a hard road and then 
rolling it, is not to be recommended, both on economical grounds and because 
great damage often results from the metalling being crushed when so spread. If 
the surface of a road is loosened to a sufficient depth preparatory to re-form- 
ing and applying the macadam, one stone thick may suffice to meet the require- 
ments of the case, which, without this being done, would require a coating 
of metal of unnecessary thickness being applied to ensure satisfactory results. 

818. It seems strange that, even before steam rollers were introduced, a 
contriyance for scarifying roads on the agricultural harrow and plough 
principle was patented in 1817 by Clay, and designated '' a harrow which is 
intended to scarify the uneven part of any road." 

It is stated that attempts have been made from time to time, not only in 
this country but also in France, to construct a machine having the same 
object as Clay's, and drawn by horses, but it is evident that little or no 
advance was made in the construction of a practical machine for this purpose 
until within comparatively recent years. 
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814. The propriety of scarifying macadam roads does not appear to be 
folly appreciated, owing probably to a want of experience in the matter, or 
possibly to its having been so rarely resorted to that the actnal work per- 
formed by the machine has not been sufficiently known. 

In districts where macadam scarifiers have been introduced and prac- 
tically applied, it is considered to be an indispensable adjunct in connection 
with steam rolling. This is a subject of considerable importance in con- 
nection with the maintenance of roads, and as such operations can be 
executed by machinery at a considerably less cost than by hand labour, a 
full description will be given of mechanical scarifiers and of the results 
obtainable by their use. 

815. Qualificationa which a macadam Scarifier should poflsefls. — ^A 
macadam road-scarifier, to be of any practical advantage, must be of a light 
but strong construction, easily manipulated, and form part of, or be per- 
manently attached to, the road-roller or traction-engine. 

It should be capable of being used both when the engine is moving 
forward and when it is moving backward, while the engine wheels should 
not be allowed to compress the portion of road just broken up when making 
a fresh ' cut ' parallel with it. 

The teeth or tines should be spaced sufficiently close to ensure the cnut 
of the road being completely loosened, and the mechanism regulating the 
depth of the cut should be so arranged that the teeth or tines can be 
instantly raised clear of the road when necessary. This is particularly 
desirable when working in towns in order that crossings, gratings, tobies, or 
other obstructions may be safely passed while the engine is in motion ; the 
depth to which it is intended to penetrate the macadam will depend on cir- 
cumstances, but for all practical purposes it need not exceed 5 inches. The 
working of the machine should be so arranged as to avoid the stonee com- 
posing the crust of the road being violently strewn about, with the possible 
risk of incurring danger to pedestrians and vehicular traffic, or damage to 
house or shop windows when working in populous places. The best known 
scarifying machines made within the last few years in this country and 
employed in some instances with marked success, are given in the following 
list Iq chronological order. 

816. Different Makers of Scarifiers.— Rutty's road-scarifier, 1884; 
Yoysey & Hosack's apparatus for breaking up streets, etc., 1890 ; Jackson's 
road-scarifier, 1891 ; Wallis's machine for breaking, etc., the surface of 
roads, 1891 ; Henderson's macadam road-breaker, 1891 ; Messrs. J. Fowler 
ds Co., road-scarifier, 1894 ; Morrison's (Aveling & Porter) road-scarifier, 
1895 ; Rutty's road-scarifier, 1896 ; Burrel & Rutty's road-breaking machine, 
1897 ; Fowler's scarifier, 1897 ; MarshaU's scarifier, 1898 ; Romford's scari- 
fier, 1898 ; Hosack's scarifier, 1898. 

Of the various machines mentioned, the author will describe the main 
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featores of BnttT's original scarifier aa improved in 1894, and gire the 
cmoont and cost of work effected by ita use. This machine has done excel- 
lent work for many years past, and atill maintaina ite position as a capable 
and effective mechanical appliance nnder certain conditiona. These coQ- 
ditioDS will be referred to later on. 

Morrison's machine, which is manufactured hy Messrs, Aveling & Porter, 
and fixed to their road-rollers or traction-engines, will also be described, 
and details given as to its working capacity and txaU 

This machine ia capable of performing heavy or continuous scarifying, 
and of working with eqaal facility and advantage backwards or forwards. Aa 
it is usually attached to the engine, but can be detached in a few minntes if 
necBBsary, it is available for work at a moment's notice ; thia is a convenient 
arrangement when the repairs on the roads are carried ont on the patehing 
qrstem. 

The other machinea mentioned in the preceding list, bo far as any special 
features possessed by them are of interest, will be briefly noticed in their 
chronological order. 

817, Buttsr's ScRrifier. — The general features of thia machine are 
shown in fig. Ill, It ia made up of a heavy caat-iron box or trolley a, to 
either end of which a bracket b is fixed, carrying the boss c through 
which the quick-threaded screw d in the depth-regulating frame e works. 
This frame is rigidly held in position by deep receasea on each side, between 



which the boss slides, the lower ends, being carried by small road wheels 
which travel in a line with tiie axis of the machine, while the means of 
regulating the depth is provided at the upper end of the frame by a 
handle g. The rogulating-frame and bearing-wheel / are placed in & 
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raking positioD, as Bhown in the illiiBtiation, fig. 111. Lugs, h^ are cast cm 
the box-frame at the comers, to which are attached draw-links and pins, 
forming the means for attaching the drag-chains. The teeth or scarifying 
tools «, are placed in sockets j, and pass throogh the lower part of the 
cast-iron frame a. They are generally set at an angle of 60* with the 
road, and are held firmly in position by means of sctews k. The road 
wheels for supporting the box-frame a are carried by an axle m^ which 
can be adjusted transversely, so as to permit of the wheel being placed in 
the recess n^ by which means the machine can be worked close up to the 
kerb-stones or edge of footpaths when necessary. This scarifying machine 
is capable of penetrating hard macadam to a depth varying from 1^ inch to 
6 inches. The work is commenced at the crown of the road, and gradually 
continued towards the side ; when the other portion is commenced the engine 
hauling the scarifier is turned round or reversed if necessary. The width of 
the cut or extent of surface loosened each turn is about 18 inches. Thu 
machine being on the trailing principle, cannot be pushed backwards ; the 
engine, therefore, has to be disconnected from the scarifier when the length 
of road operated on has been traversed. To avoid the necessity of turning 
the engine completely round, a draw-gear arrangement is fixed on the front 
of the engine, by which the scarifier is drawn when making the return cut. 
It will be obvious that even with this arrangement a considerable loss of 
time is involved when operating on a short length of road. The time occupied 
in changing the position of the engine will depend greatly on the aptitude of 
the driver, but generally it may be taken at 25 per cent, of the actual work- 
ing time engaged on a piece of road of about three hundred yards in length* 
The latest arrangement in connection with working this scarifier is to harness 
it to an engine in front of the driving-wheel and alongside of the steering- 
wheels. It is held in position, as far as it possibly can be so under the cir- 
cumstances, by means of chains attached to the side of the fork, the spindle 
for carrying the hind wheel scrapers, and a bar of iron fixed at rear of the 
tender. By this means the scarifier can be hauled in either direction with- 
out reversing or turning the engine. The great width occupied by this 
combination, is, however, rather a serious matter on narrow roads. This 
machine, which weighs 2 tons, performs its work very effectively, and there 
is little ridging of the macadam when the teeth are working at an average 
depth ; the latest make of this machine has four tines, which are capable of 
loosening a width of 21 inches ; the cost of this scarifier is £100 delivered. 

318. Voysey & Hosack's Scarifier. — ^Tbis machine consists of a double 
cast-iron frame, the inner or tool frame working within the external one. 
The front part of the external frame is attached to the tender of the engine 
by means of a pivot shaft, while at the rear or hind part it is carried by 
small road wheels. 

The road surface is scarified by means of an arrangement consisting of a 
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revolving btfrel, in the periphery of which are sockets for holding the tools 
or teeth, which teeth are inserted and secured rigidly in position by screwing 
the discs forming the tool barrel tightly together by means of a through 
bolt and nut. 

The rotary motion is obtained by a series of endless pitch chains extend- 
ing from a chain wheel attached to the counter-shaft outside the fly-wheel of 
the engine to the shaft wheel at the front end of machine, which operates 
the axle carrying the tool barrel and fixed between the cast-iron frame. 
The tool-barrel frame can be made to traverse the external frame so as to 
enable the machine to work close to the side of the channels. 

The depth to which it is intended to lift or scarify the macadam is 
regulated by means of a screw and handle. The barrel containing the teeth 
or tools revolves in a direction contrary to that in which the wheels of the 
engine travel. This machine can be worked in either direction without 
uncoupling the scarifier from the engine, the motion of which is alternately 
a pull and a push. The teeth in the tool barrel are arranged in spiral lines 
around it^ the number inserted depending on the hauling capacity of the 
engine to which the machine is attached and the hardness of the road sur 
face which is being scarified. 

The machine is well balanced, and throws but little weight on the engine 
operating it It can scarify at the rate of 300 square yards per hour, even 
when the passing traffic causes considerable delay. The action of the 
scarifying teeth or tools is such that stones are occasionally strewn about. 

819. Jackson's Scarifier. — This machine weighs 3^ tons, and is some- 
what similar in appearance and construction to Rutty's scarifier, the principal 
difference being that the road wheels at either end act as steering-wheels also, 
instead of being used in connection with the depth-regulating arrangement. 
Experience, however, shows that such an arrangement, so far as the steering 
is concerned, is not a necessity in this class of road-repairing machinery. 

A lever on the top of the machine enables the scarifying teeth to be 
quickly lifted clear of the road surface when manhole covers or other such 
fixtures are met with. The scarifier can break up 300 square yards of 
macadam road in an hour, when the surface has been previously well watered. 
The cost of working this scarifier, including hire of engine, repairs to machine 
and tools, is stated to be -j^ of a penny per square yard. 

820. Wallis's Boad-pecking Machina— This scarifier in ito improved 
form is attached to the rear end of the tender of a road-roller by means of 
brackets and spindle or hinge, which admits of a rise-and-fall movement 
being given to the machine, and a certain amount of lateral play is pro- 
vided in the arrangement of the drawbar. The machine proper is carried 
by two road wheela The pecks, three in number, act when at work in 
a similar manner to the cutting tool of a rock drill. These pecks are 
operated by a three-throw crank worked by a three-cylindered engine, the 
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motive power beiug supplied from the road-roller boiler by means of steam 
pipes and flexible tabing. In addition to the three-throw crank the 
machine is provided with a fly-wheel, stop-valve, and governor to regolate 
the speed of the machine when working. The raising or lowering of the 
machine is accomplished by means of rack-and-pinion gearing, the regulating 
of the depth of cut being quickly manipulated by a handle attached to a 
pinion, which can be locked by means of a lever. The action of the pecks 
causes the stones to be violently thrown about, so that to avoid damage 
arising from this cause it is necessary to enclose the lower part of the 
machine. 

It is stated that this scarifying machine can loosen between 300 and 
400 square yards of macadam in an hour, the condition of the surface of the 
road, wet or dry, making no difference in the amount of work done.'*' 

821. Henderson's Machine for breaking up macadam. — ^This machine 
is the invention of the surveyor to the Kingston Highway Board, Surrey, 
and consists of a strongly-built iron frame triangular in plan. Two road 
wheels at the rear end and one at the front end of the apex carry the frame- 
work, which has an arrangement fixed in front for attaching it to a special 
drawbar on the tender of the road-roller. The perforating teeth or drilky 
nine in number, have a rotary motion ; for this purpose each chuck-end or 
socket of the tool holder is fitted with a bevel wheel carried in proper 
bearings in a cross girder. These bevel wheels actuate a similar number of 
bevel wheels or mitre gears keyed on to a horizontal shaft revolving in suit- 
able bearings fixed at each side of frame. The shaft is driven by toothed 
wheels, and a pulley on the shaft of the upper one connects with and 
receives motion through the driving-belt working on the fly-wheel of the 
road-roUer ; the mechanism can also be driven by shafting. 

The depth to which the drills work is regulated by two men by means 
of side screws, which can be adjusted so as to suit the contour of the road 
at the haunches or channels. This machine weighs 2^ tons, and nine 
drills are in operation when the scarifier or road-breaker is working at 
its full capacity, covering a width of 6 feet. The number of drills, gene- 
rally three or four, made use of at one time, however, depends on the power 
of the engine employed to operate the machine and the hardness of the sur- 
face of the road, while the work is greatly facilitated by thoroughly watering 
the macadam previous to commencing scarifying operations. 

This machine can only work in one direction ; the road-roller, however, 
need not be uncoupled, as the engine simply pushes the scarifier backwards 
into the position for commencing another cut. It is stated that, when all the 
drills are in operation, it can break up a mile of ordinary road composed of 

* Paper on " Machinery as adapted to the breaking up of MaOadanii" read at a 
meeting of the Incorporated Association of Municipal and County Engineers at Reading, 
by A. O. Colling A.M.I.C.E. 
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flint macadam in one day or an average of 600 square yards per hour when 
an engine sufficiently powerful is employed, the cost working out at about ^d. 
per square yard. A 10-ton roller is not sufficiently powerful to work this 
machine when all the drills are made use of, so that it is usual to employ 
four drills in granite and six drills in flint macadam roads. 

822. Fowler's Machine (Evershed's Patent).— This machine is on the 
principle adopted in land cultivation by steam. The frame is mounted on 
road wheels, and has depth-regulating and steering-gear ; the cutting tools 
are triangular in shape, and are retained in the sockets by locking screws. 
The number of teeth may be varied according to the condition of the road, 
the width scarified at one operation being 3 feet when the full complement 
of teeth are used. The wire rope, one end of which is attached to the 
engine, passes round a horizontal pulley of large diameter placed on the 
top of the machine, the other end being attached to a claw anchor fixed at 
the aide of the road. A length of 40 lineal yards can be scarified at one 
time ; then it is compidsory to stop the work and refix the anchor before 
commencing another stretch of similar length. 

828. Morrison's Scarifier. — ^This machine is manufactured by Messrs. 
Aveling & Porter, Rochester, and is fitted to their road-roUers and traction- 
engines. The principal features of this scarifier are handiness, utility, and 
economy in the working expenses. The different parts of this machine are 
shown in figs. 112 and 113, the former illustration being a side elevation of 
the scarifier, attached by plates to the rear or tender end of a road-roller, and 
placed immediately behind the off-side driving-wheel. 

The fixed frame a, containing the mechanism, is made up of channel irons, 
angle irons, and plates riveted together ; it measures 33 inches by 28 inches 
by 12 inches, and is fixed to the rear of the tender by means of two steel plates, 
5 and e, which latter extends to and is embraced by the horn plate close to 
the firebox, the lower end being stayed to the cross-bar at the rear end of the 
tender as shown. The outside part is braced by means of a heavy channel- 
iron connecting piece d, which is bolted to the lower end of the fixed frame a, 
and connected to the main axle of the driving-wheel by means of a cap 
bolted on to the boss of the nave e ; it is further secured in position by an 
angle iron brace /, bolted to the connecting bar d and the top of the frame a. 
This constitutes the shell, or frame, in which the mechanism of the scarifier 
proper works, and it is evident that the whole apparatus is securely held in 
position by the arrangement described. 

The inner framework comprises the steel rocking block ^, working on a 
shaft which carries the double set of scarifying tools, or tines, ^ secured in 
sockets by wedge keys. A set of tines, three in number, is placed on each 
side of the rocking block or ' tool box,' so that they are alternately brought 
into action when going backwards or forward. 

The tool-holder is rocked over by a lever t, working in a curved slotted 



238 ROAD MAKING AND UAINTENANCB. 

betrj fixed to the inside frame, and locked in position by mesna of k screv 
k. A saddle or atop block I, at the lower end of the inside frame a, admits 
of the tool-block being firmly held in position either vben the rocking lerer 



Fto. 112. — Horizon's Karifl«r (side elcTstioD). 

is locked while scarifying in a forward direction or when the change of 
motion is reversed. It will be seen that while the lever is in its proper 



Fio. 113. — Uoriwu'B Msrifier (cud elevktion). 
position for scarifying, the rocking block fits closely on the saddle, securing 
it in a rigid manner, and also retaining the tools or tines at the proper aa^e 
when in operation. The through or stop-block bolt m prevents the saddle 
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being lowered too far, and at the same time acts as a distance piece, keeping 
the shell or outer frame in its proper position. The means for raising or 
lowering the rocking block or tool-holder is provided for at the top of the 
frame, and consists of a rack and pinion n^ operated through a quick-acting 
worm-wheel and worm, which is controlled by the depth-regulating hand- 
wheel 0, 

A cast steel bridge, p, is fixed on either side on the top of the frame 
through which tension rods q pass, secured at the top by nuts, and placed 
in a vertical recess in the inside frame reaching to the rocking block shaft. 
Around these bolts is a strong spiral spring which minimizes, when work- 
ing, any sudden shocks or vibration that may be transmitted to the engine. 

The inner frame, made of cast steel, and comprising the saddle rocking 
block, lever, and rack arrangement^ is held in position by the channel irons 
at each side forming the outer frame, and which also act as guides when the 
scarifier proper is being raised or lowered during the progress of the work. 
This machine works in either direction by an alternate pull-and-push move- 
ment, and its merits may be briefly stated as follows. 

Being permanently attached to the road-roller in a convenient manner it 
is always available for use, and can be utilized in executing small repairs, or 
patching, as well as for continuous work. It can be operated equally well 
in either direction, and may be run close up to the side of channels, kerbs, 
or sod borders without the roller wheels passing over them. It is simple in 
construction, there being no complicated gearing to get out of order. It is a 
very efiective machine, and performs its work thoroughly, expeditiously, and 
economically, the weight of the machine being only 11 cwts. The amount 
of work which can be accomplished by the aid of this machine and the cost 
of operating it will be given in detail later on in this chapter. 

824. Butty's 1896 scarifier was designed for carrying out light repairs, 
such as patching the centre of a road, for which purpose it is very well 
adapted. Being fixed immediately behind the tender of the engine or roller 
it cannot be brought into operation close to the side channels of a road or 
carriage-way, consequently it can only be utilized to a limited extent. 

825. Burrell and Butty's Boad-breakiiig Machine.— This patent scarifier 
is intended to be permanently attached to the driving-wheel of a road-roller 
or traction-engine. The design is so arranged that when the scarifying 
tools are in operation, the engine always exerts a pulling movement, when 
travelling in either direction (which is a distinctive feature), instead of an 
alternate pull-and-push motion characteristic of scarifiers of the perma- 
nently fixed type. By this arrangement the necessity of the roller wheel 
passing over the newly scarified surface when working backwards is avoided. 
The machine consists of a triangular frame, rocking on the main axle of 
the engine. The rocking of the frame and the regulation of the depth to 
which the tines penetrate the macadam are controlled by suitable devices. 
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either by hand, by steam, or by an hydraalic arrangement from the foot- 
plate. 

826. Fowler's (Fowler and Benstead) Scarifier.— This machine consists 
of a light triangular frame fixed on the main axle of the off-side driving- 
wheel of a roller or traction-engine. At the extreme points of the frame the 
tines or tools are fixed, the depth to which they penetrate being regalated by 
a screw. There are pivoted extensions at either end of the frame, carrying 
rollers or wheels which regulate, at either end alternately, the approximate 
position of the scarifier, and also for carrying auxiliary tines or spikes for 
loosening the macadam ; strong cushioning springs are provided for the screw- 
regulating arrangement and on the extension pieces, admitting of a alight 
movement oi the small wheels when in a vertical position. 

827. Marshall's Scarifier. — This machine consists of a framework fixed 
at the rear of the engine, and extending the full width of the driving-wheels. 
The guides are fixed on this framework or bed plate, which admit of a 
saddle-piece or bracket being moved by means of a handle and screw in a 
horizontal plane or in a transverse direction. The saddle-pieces have 
spindles or trunnions at their lower end, which carry the swinging-frame 
containing the tines or tools, and which are capable of being rotated to a 
certain extent or of being held in position by fixed studs, depending on the 
direction in which the engine is travelling. 

The swinging-frame can be locked in any desired position by means of a 
bolt working through a slot ; the depth to be scarified being regulated by a 
handle and wheel working a worm and toothed quadrant^ 

As may be gathered from the foregoing description, the swinging-frame 
carrying the scarifying tools can be adjusted transversely to any position in 
the width of the engine. 

828. Bomford's Scarifier. — ^The characteristic feature of this scarifier, 
which is shown in fig. 114, is the introduction of strong spiral springs to 
obviate (as is claimed) any damage being done to the engine through vibra- 
tion. The whole pull, when working the scarifier, is taken by the spring 
drawbar fixed on the off hind roller axle. There is a small regulating wheel 
on the main shaft of the scarifier, intended to assist in following the undula- 
tions, and to break up the higher parts of a road surface deeper than the 
hollows. It is constructed on the principle of a fixed or rigid machine, but 
has not the advantages of such, owing to the springs, which yield consider- 
ably when a hard piece of macadam is encountered. The working of the 
machine is under the entire control of the driver on the foot-plate by means 
of suitable levers. By such an arrangement it would appear that a consider- 
able amount in working expenses could be saved, but when it is understood 
that this machine can only work in one direction, the saving gained by only 
one man working the engine and scarifier is lost on account of the machine 
having to travel back without doing any work, or by reason of its having to 
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be turned roaad to make a return cut. The cost of this machine is £70, 
and it can be fitted to any class of engine. This patented arrangement is 
now the property of Messrs. Eddison and De Mattos, Dorchester, 

829. Hoflack's Scarifier,— This machine, made by Messrs, Burrell & 
Sons, is very similar to the scarifier (abeady mentioned) patented by Butty 
& Burrell in 1897. It consists of a heavy triangular frame or bracket 
pivoted on the driving axle of the ofif-wheel. The sets of tines or tools are 
fitted at each end of thia frame. The machine can be worked in either 
direction, the force exerted being always a pull. No matter in which 
direction the engine travels, it performs the scarifying in such a manner 
that the surface already lifted is not compressed again by the engine 
wheels in making a fresh cut immediately adjoining the loosened portion. 
In this particular Hosack's scarifier is a perfect machine. The depth- 
regulating arrangements are, however, somewhat complicated, the method 
of operating this part of the mechanism being as follows : — A lever attached 
to the end of the rocking-frame in front of the driving-wheel of the engine 
is connected with a toothed quadrant fixed on the boiler barrel, and is operated 
by a worm and wheeL The leverage is considerable, and liable to impart a 
large amount of strain on the working parts. A connecting rod with 
another wheel at the rear end of the engine works the depth-regulating 
apparatus when the machine is being moved in a forward direction. These 
regulating wheels are placed so far away from the outside line of the 
machine that the man operating it cannot properly see the surface of the 
road which is being scarified 

This does not materially affect the actual depth penetrated by the tines, 
as the driving-wheel, owing to the position occupied by the teeth following 
close to them, acts in a measure as a guide. In working, however, where 
numerous manhole covers, tobies, and such obstructions exist, the difficulties 
in operating it are greatly increased. 

This machine weighs about 50 cwts., which is rather a heavy additional 
weight on one side of the roller when consolidating metaUing ; for an 18-inch 
wheel it is equal to about 2f cwts. per inch of width of rolling surface. The 
cost of this machine is J&115, and it is illustrated in fig. 113, where it is 
shown attached to a road-roller. 

880. A considerable amount of crushing of the metalling takes place when 
the engine on its return makes a cut parallel with that already accomplished. 
This is caused by the stones being raised and spread by the inner tine 
over the edge of the hard portion of the road, especially when penetrating 
to a depth of 4 to 5 inches. This crushing is obviated by three or four men 
following the machine, and raking the material, deposited on the solid 
road, over on to the loosened portion. A much more effective, and, at 
the same time, more economical method, is to attach a trailing plate of heavy 
iron fixed at an angle so as to remove any stones deposited on the un- 

Q 
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broken portion of the road, clear of the position of the wheel when making 
the next cut. 

881. The last four scarifiers have been so recently introduced, and so 
little worked, that no authentic information can be given as to the actual 
cost of their working, reparation, and efficient maintenance. 

882. Road-rollers are generally supplied with spikes, which can be fitted 
into the rim of the driving-wheels, for the purpose of loosening the mac- 
adam. They, however, cause considerable vibration and strain on the 
engine, without being efficient for the purpose intended. In America the 
ordinary agricultural plough, with a special arrangement of sockets or shoes, 
is made use of for scarifyiug macadam roads, and for breaking up pavements, 
four to eight horses being employed to operate it. The principal makers of 
this type of scarifier are the Syracuse Chilled Plough Company, New York. 

888. From the foregoing description of the various types of scarifying 
machines in use, it will be seen that all accomplish a considerable amount of 
work proportionate to the power of the engine employed, so that the only 
ground for choosing one in preference to another is its handiness and economy 
in working. 

It is obvious that for working purposes the preference should be given to 
the machine best adapted to the rollers in actual use, as there would be no 
saving in procuring a traction or road-engine simply to work the scarifier. 
For repairing or improving county roads, it is evident that the type of 
machine operated by means of a trailing movement, occupies a considerable 
extent of roadway, and necessitates in some instances the employment of 
additional hands to work the scarifier and assist in conducting the vehicular 
traffic past the machine. 

Another weak point in connection with detached scarifiers working on 
county roads is the necessity of removing the apparatus to some convenient 
point, entirely clear of the roadway, when the operations for the time being 
are finished, unless the road is a very wide and quiet one. This constant 
removal to and fro may constitute a great drawback to their use. 

These remarks, however, do not apply to the same extent in the case of 
suburban and town roads, as refuges in the form of dep6ts or workshops 
belonging to the authorities are generally near at hand. Of course these 
adverse conditions to the employment of trailing scarifiers are entirely 
removed when the road is given over exclusively to the operations on hand. 

The question is which machine will perform the work most efficiently 
and economically, or what is the class of engine available consistent with 
the conditions already stated. A scarifying machine, no matter of what 
type, which requires the surface of the road to be previously watered so 
as to successfully operate it, entails an additional cost in the working 
expenses, which may be considerable if the available source of supply is 
at a distance. 
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• 
A scarifying machiue should be preferred which neither forms ridges 
nor violentlj displaces the stones when working, as considerable incon* 
yenience and possible danger is thereby incurred. The practical benefits 
resulting from the employment of a macadam scarifying machine are 
numerous and important, and as an instance the following may be men- 
tioned as occurring frequently in practice. Many badly shaped roads on 
which there is a considerable amoant of serviceable metalling can be broken 
up by the aid of a scarifier and re-formed at a trifling c.06t, which improve- 
ment coold not possibly be economically undertaken if hand picking had 
to be adopted. By re-forming the road surface after scarifying, the material 
may, in many instances, be rolled without any additional metalling being 
applied. 

884. Hand Picking or Manual Labour. — Hand picking or manual 
labour, besides being an expensive operation, demands the employment of a 
large number of men to loosen the old surface of the road so as to ensure a 
suflicieut amount of work being prepared to keep a road-roller steadily at 
work. This is not attainable in many districts, recourse being had, under 
the circumstances, to repairing a road with heavy coatings of metal, when 
refacing the surface was perhaps all that was necessary. 

885. Cost of Scarifying by Hand Labour. — ^The cost of scarifying or 
picking by manual labour varies considerably, and depends on the nature 
of the macadam operated on, and its condition at the time. 

Soaking the crust of the road with water adds considerably to the ease 
with which it can be picked. The greasy and sodden state of the detritus 
resulting from this, however, entails a considerable amount of after-labour, 
and if the old material is to be screened, the process of watering is decidedly 
objectionable, as it retards rather than aids the operations as a whole. 

Under the most favourable circumstances, that is, when the metalling of 
the surface of a road contains a large proportion of soft material, the cost, 
including repairs to tools, etc., may only amount to l'25d. per square yard, 
while, if the road surface is composed of very hard and compact material, the 
cost may reach 2d. or 2'25d. per square yard. This is at the rate of about 33 
square yards per day in the former case, and 20 square yards in the latter 
for each man. 

In attempting to scarify a road which has been steam-rolled by manual 
labour, the increased cost for re-sharpening and repairs to the hand picks are 
relatively high, while the area which a man can accomplish in one day may 
be reduced to 12 or 15 square yards; under these circumstances the cost of 
hand picking is from 3d. to 3*5d. per square yard, an amount which would 
suffice for spreading a coat of metalling on the road one stone thick, when 
the price delivered on the road is 6s. per ton. Besides being an expensive 
operation, the danger arising through the stones being projected by hand 
picking is considerable, and damage is likely to result. 
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In the author's experience an inclosive price of l'75cL per square yard 
for hand picking is an average cost, on macadam composed of hard siliceous 
whinstone and basalt^ when workmen's wages are at the rate of 4j^di per 
hour. 

886. Amount of Work acoomplidied by Butty's Scarifier.— The 
amount of work which can be performed by Butty's improved scarifier 
depends very much on the hauling power of the engine employed, the nature 
of the metalling composing the crust of the road, and whether the surface 
is very hard and dry or in a moist condition. The interruptions from pass- 
ing traffic also form a considerable item in the actual performance of the 
machine. It is stated that the machine is capable of thoroughly scarifying 
300 square yards of hard macadam, 4 inches deep, in an hour under favour- 
able conditions; but 150 to 200 square yards is considered good work when 
the exigencies of the traffic preclude continuous working, and an ordinary 
traction-engine or roller is employed. 

887. Cost of Scarifying with Butty's Machine.— The cost of scarifying 
in country districts, under favourable conditions, will, therefore, allowing for 
hire of engine and wear and tear of the plant and the sharpening of toolsi 
be 0*1 2d. or one-eighth of a penny per square yard. When the passing 
traffic is such that considerable delays are experienced, then the cost will be 
increased to 0*62d. or three-fifths of a penny per square yard. In large towns 
where the cost of labour, fuel, and the hire of engines are considerably higher 
than obtains in rural districts, the cost must necessarily be greater, amount- 
ing to 0*5d. and in some cases to Id. per square yard. 

The author has seen Rutty's improved scarifier, working in Hyde Park, 
London, effectively loosen macadam at the rate of over 400 square yards per 
hour, the roadway being given over to its exclusive use. Allowing for the 
higher cost of labour and collateral expenses, compared with that generally 
paid in country districts, the amount of the working expenses would be 
increased by 0'15d., which gives a total of 0'77d. per square yard, exclusive 
of repairs, depreciation on engine, and the time lost in bringing the plant to 
and removing it from the ground. Each set of tines, three in number, will 
scarify 150 square yards before requiring to be re-sharpened ; the cost of 
dressing and tempering each tine is 3d., which is equal to 0*06d. per square 
yard or ^ of Id. The firm of Messrs. 6. O. Butty & Co. let out their 
scarifiers on hire, charging a royalty of ^d. per square yard of macadam 
loosened ; they also supply the motive power and all tools necessary at an 
inclusive cost of Id. per square yard ; but when the old material of the road- 
way is re-formed for the new coat of metalling, the charge is on an average 
l^d. per square yard. 

This machine has hitherto been exclusively used in scarifying the 
Victoria Embankment (about 60,000 square yards), for the London County 
Council, and also for the roads in the public parks for Her Majesty's 
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Commissioners, namely, Hyde Park, St. James's Park, and Kensington 
Gardens. A considerable number of these scarifying machines are, however, 
now used by different Councils and Local Boards. 

888. Amount of Work done by Morrison's Scarifier. — ^The amount of 
work which can be performed by one of Morrison's patent scarifiers attached 
to an Aveling <fe Porter 15-ton road-roller (fig. 110) will now be detailed, 
along with the cost of working it, based on the author's experience, extend- 
ing over a period of four years, during which time extensive scarifying opera- 
tions in conjunction with steam road-rolling have been carried out The 
scarifier has two sets of three tines or tools, which are used alternately, so 
that the machine can work in either direction. The tools or tines are made 
of square bar steel, with tapered points at both ends, as already mentioned, 
and can be regulated to penetrate and loosen uniformly to a depth of from 2 
to 4^ inches, which for most purposes is considered sufficiently deep. The 
tines or teeth are spaced at 6 inch centres, being sufficiently dose to effectively 
break up the crust of a road, while the loose material is left in a regular 
manner, causing little or no inconvenience to passing traffic. Scarifying 
machines which have the teeth wider apart are apt to leave a certain portion 
of the road surface undistributed. In consequence of this a series of ridges 
and furrows is formed, which will greatly inconvenience the public traffic 
and increase the cost of the operation by making it necessary to level the old 
metalling to a proper contour, while the subsequent rolling is never satis- 
factory under these circumstances. The width of surface disturbed or 
loosened by Morrison's machine is 18 inches when the tools are penetrating 
the macadam to a depth of 4 inches ; with a less depth the width of mac- 
adam broken up will be correspondingly decreased. 

If the road is very narrow it is possible that the width of the roller will 
not admit of the whole surface being broken up by the machine ; it will then 
be necessary to employ manual labour to complete the operation. Boads 
having such a narrow width are the exception. 

It is the usual practice to commence scarifying at the sides of a road and 
gradually work towards the centre, when the roller has to be turned com- 
pletely round in order to proceed with the other half of the macadam 
surface. 

The minimum width of a roadway which a scarifier of this description, 
attached to a 15-ton roller, can operate on so as to effectively break up the 
whole of the macadam surface is 12 feet. A 10-ton roller fitted with one of 
these machines can easily scarify the whole surface of a road 10 feet in 
width. 

Many circumstances arise which influence the amount of work performed 
each day, such as the narrowness of roads (as compared with wide ones), 
steep gradients^ and the work having to be carried on during wet weather. 
The tines or scarifying tools, in each set of six points, when properly dressed 
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and tempered, will scarify on an average 786 square yards, and the coat for 
sharpening each tine or tool (two points) amounts on an average to. 3d. and 
3^d. each, or l^d. to l|d. per point This is at the rate of O-OlSd. per square 
yard of road surface scarified, or -^^ij- of a penny. The following figures detail- 
ing the amount of work done and the cost of the operations, are based on 
an average depth scarified of 3 inches on roads the metalling of which extends 
to a width of from 16 to 20 feet and upwards, either when there is a con- 
siderable amount of wheel traffic causing interruptions to the progress of 
the work, or when the road is given over entirely to the repairs, compared 
with working on narrow roads under similar conditions. 

The extent to which scarifying can be accomplished on a gradient la 
necessarily reduced considerably as compared with working on a level stretch 
of road. This is especially the case when the gradient exceeds 1 in 20, as 
the roller will then be capable of working the scarifier in one direction 
only, namely, down the incline. 

When the surface of a road is damp the work of breaking up the sur- 
face is more easily accomplished so long as it is not so greasy as to cause 
slipping of the roller wheels. When the macadam is soaked with water, or 
when the operations are carried on during rain, it is advisable to work the 
machine in a forward direction only. This avoids compressing the already 
scarified old metalling, by the passage of the wheels of the roller over it 
when the return cut is made with the engine travelling backwards. When 
the material is in a comparatively dry state, the driving-wheels of the roller 
passing once over the newly scarified portion of the road does not compress it 
to such an extent as to prevent its being easily lifted or raked into proper 
shape. 

On level roads of average width, and when the interruptions caused by 
wheel traffic are not numerous, this machine can break up in an efficient 
manner the surface of a macadamized road at the rate of 400 square yards 
per hour. On roads with moderate gradients and under similar conditions 
of traffic, the quantity of scarifying which can be accomplished in the same 
time amounts to 350 square yards. 

On roads where the gradient exceeds 1 in 20, and up to the limit at 
which the roller can steam safely tender first, and also on level roads during 
continuously wet weather, which may necessitate the machine being operated 
in one direction only, the amount of work done will vary from 250 to 300 
square yards per hour. 

When the gradient exceeds this limit the area which can be scarified will 
depend on the facilities which exist for the speedy turning of the roller 
completely round at the commencement and end of each cut when scarifying 
one half of the road. Under such circumstances, and when the interruptions 
are not numerous, the amount of work which can be accomplished in an 
hour may be taken at from 200 to 250 square yards. These figures apply to 
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roads which had heen previously steafn-rolled, and are based on the average 
extent of scarifying performed under the varying conditions mentioned. 

Allowing 25 per cent, for hiUy roads and for roads liaving a considerable 
traffic, the average is 300 square yards per hour. 

889. Cost of Working Morrison's Scarifier.— In the following table, 
XXXYL, the cost of watering the surface is not included in the working 
expenses^ as, for reasons already given, the author does not approve of this 
method of carrying on the work in the majority of cases. The cost of a 
day's work of nine hours is made up of the following items : — 

Tablk XXX VL 



Engineman, ....... 

Scarifier attendant, ...... 

Flagman, ........ 

GoalB for engino (steam navigation), indnding oarting, 5 cwt., 128. per 

ton, oil and waste 8d., ..... 

Team work, water-cart for supplying engine ; as it is only required occa 

sionally, allow 60 per cent, on a day's hire at 8s., . 
Sharpening loarifier tools, ...... 

Depreciation and repairs on roller and scarifying machine, 



Cost per day. 
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When the source of the water-supply is conveniently situated the water- 
cart is not required, but when it is situated at a considerable distance the 
exclusive services of a man and horse may be necessary. For 2700 square 
yards per day this gives a rate of O'lOld., or slightly over ^ of a penny per 
square yard of surface scarified. 

The greatest area which has been loosened by Morrison's scarifier 
under the author's directions was 650 square yards per hour 3 inches deep, 
at a cost of ^ part of a penny per square yard on a road which had been 
rolled seven years previously. This is an exceptional performance, as the 
work was carried out on a road where few interruptions occurred The cost 
of operating this machine in some of the English districts where they have 
been adopted has averaged about ^. per square yard. This is slightly in 
excess of the price stated above, but may be accounted for by the higher 
wages paid, the greater cost of fuel, and the increased collateral expenses. 
A scarifier attached to an engine on the principle described in the foregoing 
paragraphs is capable of performing a sufficient amount of work in one hour 
to keep a road-roller at work for five hours consolidating a new coat of 
metalling spread over the scarified portion. In other words, from 1^ to 2 
hours occupied in scarifying will be sufficient when continuous coatings of 
metal are applied for one day's rolling. 
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840. This machine^ which is of quite recent iDtroductioD, is being 
adopted extensively where the benefits of scarifying are properly nnderstood 
and appreciated. Being constructed in a handy fona it is easily and 
quickly manipulated, while the space occupied by the machine is not an 
inconvenience when the roller is engaged on either town or country roads 
in the ordinary work of consolidating the metal coatings. There are about 
three hundred of these machines in use at the present time. 

841. Cost of Scarifying by Hand and Machine Campared.— Scarifying 
by hand labour or stocking, even when average workmen are employed, is 
far inferior to a modem mechanical macadam scarifier as regards economy in 
time and cost. On an average one man will pick from 25 to 50 square 
yards, 2^ inches deep, in a day of nine hours, at a cost of l|d. to I|<i. per 
square yard, which includes the charge for sharpening picks and for repairs. 
A scarifying machine will do as much work as one hundred men can do in 
the same time. The saving effected by using a macadam scarifier, inclusiYe 
of all charges, over that performed by manual labour, may, under ordinary 
circumstances, be estimated at 94 per cent. 



CHAPTER VIII. 

THB CONSTRUCTION OF NEW AND THE MAINTENANCE OF 

EXISTING ROADS. 

8i2. In a preceding chapter full details have been given, especially of the 
methods adopted in selecting the most suitable line in laying out a new road 
and tlie manner in which the construction is carried out, embracing the 
earthworks, drainage, and bridges. 

The methods employed in quarrying the material, reducing the rock to road 
metal, and its subsequent consolidation by steam rolling, have also been 
described in detail, the cost of each operation being taken from the results of 
practical experience. 

848. The method of constructing a new road, by which is meant the 
part forming the bottoming and top metalling, and the maintenance of roads 
generally, as practised at the present time, will now be described. To msike 
and maintain these in an efficient manner requires careful investigation and 
consideration. 

Modem exigencies are such that machinery is employed almost 
exclusively in the construction and repairing of roads, and has to a 
considerable extent superseded the principles and methods adopted in road 
making by the two great pioneers, Telford and Macadam. 

844. In the method followed by Telford (who was called upon to lay out 
new roads and improve the line and gradients of existing ones in different 
parts of the country) the type of foundation adopted depended on the local 
supply of suitable material. Telford's name is associated with the system 
of hand-set stones as a pavement foundation on which the top metal or 
wearing surface is placed. In the construction of many new roads, and the 
alteration of existing ones, where suitable material could not be obtained for 
a paved foundation, Telford used what could be procured locally, such as 
gravel or layers of chalk and gravel. 

849. Telford's Specification of Boada — ^The following specification of a 
30-foot pitched foundation roadway was that adopted by Telford, and a 
similar form is occasionally employed at the present time when making 
new roads: — 
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'' UpoD the level bed prepared for the road materials a bottom conise or 
layer of stones is to be set by hand in form of a cloeey firm pavement ; the 
stones Bet in the middle of the road are to be 7 inches in depth ; at 9 feet 
from the centre 5 inches ; at 12 feet from the centre 4 inches; and at 15 
feet 3 inches. 

'* They are to be set on their broadest edges lengthwise across the road, 
and the breadth of the upper part of the said pavement is to be broken off 
by the hammer, and all the interstices to be filled with stone chips firmly 
wedged or packed by hand with a light hammer, so that when the whole 
pavement is finished there shall be a convexity of 4 inches in the breadtJi of 
15 feet from the centre. 

'' The middle 18 feet of pavement is to be coated with hard stones to a 
depth of 6 inches. Four of these 6 inches to be first put on and worked in 
by carriages and horses, care being taken to rake in the ruts until the surfiice 
becomes firm and consolidated, after which the remaining 2 inches are to be 
put on. 

'' The whole of the stone is to be broken into pieces as nearly cubical as 
possible, so that the largest piece in its longest dimensions may pass through 
a ring 2^ inches inside diameter. 

** The paved spaces on each side of the 18 middle feet are to be coated 
with broken stones or well-cleaned stony gravel up to the footpath or other 
boundary of the road so as to make the whole convexity of the road 6 inches 
from the centre to the sides of it, and the whole of the materials are to be 
covered with a binding of 1^ inch of good gravel free from clay or earth.'' ^ 

A cross-section of Telford's roads as specified above is shown in fig. 116. 

It has been already observed that Telford did not always make use of a 
pitched foundation, but employed such material as gravel, which was applied 
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Fio. 116.->Gro88-8ection of a 80-foot road (Telford's). 

on parts of the road between London and Shrewsbury, while this class of 
bottoming was utilized in many of the new roads constructed by him. 

It was the complete separation of the road metalling from the subsoil 
that Telford aimed at in adopting a pitched foundation, in order to prevent 
the useful wearing material coming into contact with the natural soil. He 
also recommended, when the drainage was difficult to effect, that gravel, 

* A TreaHae on Roads, by Sir Henry Pamell. 
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sand) vegetable soil, and chalk should be used, but he generally advised the 
adoption of the former method when suitable material could be conveniently 
procured. 

946. Macadam's System. — Macadam's system differed materially from 
that of Telford, but both Macadam and Telford insisted on the necessity of 
thorough drainage of the formation or bed of the road and subsoil, which 
had prior to that time been entirely jieglected in road making. 

Macadam was satisfied with laying the metalling directly on the surface 
of the ground, after the irregularities had been levelled and side ditches 
formed ; or, in other words, he preferred to build up the road above the 
surface of the ground. 

The method of construction (common previous to Macadam's time, and 
practised in many instances during recent years), that of cutting a trench 
or ' box ' sufficiently deep to retain the road material — was condemned by 
Macadam as detrimental to efficient drainage. 

He contended that the use of metal broken to a small cubical size, which 
would unite by their own angles into a compact impervious covering, ranging 
in thickness from 5 to 9 inches, combined with perfect subsoil drainage, was 
sufficient for any class of traffic. 

To Macadam is due the credit of having been the first to direct public 
attention to the great necessity of properly breaking the material to a uniform 
size and cubical form, ranging from 1| to 2 inches, and weighing less than 
6 oz. He was instrumental also in bringing the management of the high- 
ways into a regular system under qualified surveyors. 

The services of Macadam and his staff of assistants were in great demand 
over a considerable part of Britain at the beginning of the present century. 

847. Advantages and Defects of Macadam's and Telford's Methods of 
Gonstmction. — Of the two systems much can be said, especially when they 
are severally applied to the varying conditions and nature of the different 
soils met with in practice. 

A paved foundation, to be of any advantage, requires to be very carefully 
executed with the best possible class of materials ; even then there may be a 
large number of unfilled spaces (inseparable from this method of construc- 
tion), which sometimes act as drains, so as to allow the water to reach and 
to soften the natural soil ; the repetition of this process moves the foundation 
and destroys the cohesion of the wearing part of the road. Defective 
drainage, even of a temporary nature, will cause this ; the subsoil gradually 
working upwards is mixed with the metalling, while the latter is pressed 
down into the bottoming of the road. A road formed entirely of broken 
stones and consolidated by wheel traffic does not present any voids, but as 
the interstices are composed to a large extent of soft material, more especially 
at the lower part resting on the subsoil, the crust of the road is liable to 
suffer if situated on a damp subsoil of a retentive nature. 
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The bottomiog of a road is sometimes carried out in an indiscriminate 
manner, and the so-called * pitched pavement ' is often made with no better 
material than that obtained from old bnildings in the form of freestone, 
bricks, and lime rabbish tipped on the formation level of th^ road in a 
promiscuous manner, and roughly graded to the required contour. 

A system of construction combining the two methods mentioned may be 
adopted in general practice with great advantage. A bottoming, of stones 
about one-third of the size adopted for a pitched foundation, and conse- 
quently two to three times larger than ordinary macadam, spread to a suffi- 
cient thickness, then covered with a coating of ordinary road metal 
consolidated separately by steam rolling, has been attended with beneficial 
results. By adopting this method of making roads the cost of construction 
is reduced compared with the expensive methods inseparable from the 
different systems carried out by Telford and Macadam. 

848. The great advance in the use of mechanical appliances in road 
construction and maintenance has made possible what could not hitherto haTe 
been accomplished, not only from a practical point of view, but by reason of 
the greater efficiency and economy attained. 

Previous to entering into the details of the construction of roads it will 
be necessary to consider the nature of the soil or bed on which the proposed 
road will rest. 

The preliminary work of grading and forming the cuttings and embank- 
ments described in the previous chapter which treated of the work necessary to 
be accomplished in general. The nature of the ground on which the road is 
to be placed demands attention, however, and apart from the under dndnage 
therein treated, the several kinds of soil composing the strata necessarily 
require different treatment. 

849. The Effects of Submila on the Methods of Constniction 
adopted. — In constructing a new road over sand or gravel (the simplest case 
met with in practice), it is quite unnecessary to adopt a pitched foundation. 
On the other hand, if the road bed is a retentive clay, the spreading of 
metalling directly on the soil, according to Macadam's principle, would be a 
failure. 

In the first case the natural drainage cannot be improved upon, and con- 
sequently an expensive pitched foundation can be dispensed with, while the 
system advocated by Macadam would be applicable. 

On a road bed, the soil of which is of an argillaceous nature, subeoil 
drainage can only partially relieve the general surface on which the 
road materials are to be placed. Under these circumstances it would be 
inadvisable to set a pitched foundation directly on such a sur&ce, as in the 
event of the subsoil drainage becoming temporarily inoperative, or should the 
material composing the crust of the road be disintegrated by the alternate 
action of frost and thaw resulting in the metaUing being made permeable^ 
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the road bed would be liable to saturation with water in rainy weather. The 
clay would then gradually rise between the paved foundation stones by 
reason of the pressure exerted by the wheel traffic pressing the metalling 
downwards. By such a process considerable ii:gury to the macadam of the 
road would result^ while the incorporation of an undue amount of soft 
material in the road coating must necessarily, sooner or later, deteriorate and 
possibly destroy it. 

A road constructed on Macadam's principle would likewise suffer, pro- 
bably to a greater extent, by being placed on a clay bed under similar 
conditions. In such circumstances it is advisable to apply a suitable 
material to entirely separate the soil from the road material. This is readily 
accomplished by spreading a layer of furnace ashes, sand, or other material 
of a similar nature from 3 to 6 inches thick over the surface. This at 
once forms a cushion to receive and thoroughly separate the road material 
from the soil, while at the same time this intermediate layer admits of 
perfect under drainage. It may be an expensive means of efficiently 
carrying out the work when suitable material cannot be procured locally, but 
economical maintenance can only be looked for by adopting approved methods 
of construction. 

Too many roads, unfortunately, have been constructed without such pre- 
cautions being taken, with results which are not only apparent from the 
relatively high cost of maintenance, but also from the surface requiring 
almost constant attention and repairs, while the necessity for scraping and 
the removing of mud during wet weatheir is greatly increased. 

It is advisable when the road is formed in rock cuttings to spread a layer 
of sand or other material of a light nature, so as to fill up the irregularities 
of the surface, and that will also form a cushion for the road materials to 
rest on. Should the bottoming be placed on a hard surface, as in the case 
of rock, the material is apt to be pounded and destroyed during the process 
of consolidation. 

850. The practice of thoroughly consolidating the ground when forming 
new roads by means of a light roller previous to commencing the actual 
structure, has much to recommend it This operation should be carried 
out in dry weather, and any depressions on the surface that may be caused 
by the passage of the roller should be made good with the same class of 
material as the surrounding soil. The process of rolling must be repeated 
until a uniform and solid bed is obtained which will enable the surface of 
the ground to sustain the superstructure, and the weights brought upon it 

851. Method of Construction adopted at the present tima A 

system of bottoming roads combining the methods practised by Telford and 
Macadam, has long been adopted by engineers and surveyora It consists in 
spreading the metalling on a layer of 3- or 4-inch cube stones from 6 to 12 
inches thick. The advent of the steam roller has materially aided this form 
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of constraction, the practical and economical benefits of which show that 
this method may be looked upon as almost perfect for macadamized 
roads. 

The first points to be considered are the width of the proposed road and 
the amount of contour or convexity required for adequately draining its 
surface. 

852. Width of Boads. —The width of a new road will be determined by 
the prospective wheel traffic. 

It is a common practice to make a road sufficiently wide to allow of two 
or more vehicles passing each other easily when travelling fast For 
ordinary road traffic 12 feet of metalling will be sufficient, but this may be 
increased to 20, 25, 30, and 35 feet according to circumstances ; but in any 
case it must be adapted to the probable amount of wheel traffic. 

An unnecessarily wide road will cost more in proportion to maintain than 
one which is of the proper width, while the first cost of construction is, so far, 
practically thrown away. If a wide road is not kept in good order it 
assumes a very untidy appearance. A narrow road, on the other hand, ia 
generally very difficult and expensive to maintain. 

In most cases roads are made narrow, because the amount of money 
available will not suffice for making them wide ; but there is no economy in 
making a road either narrower or wider than is required by the exigencies of 
the locality. When the requirements necessary to accommodate the traffic 
of future industries which may arise in a district cannot be determined 
with any degree of certainty, it is advisable to make provision for it in 
forming the earthworks. The road proper may be made to suit the existing 
requirements of the traffic, so that should necessity demand it the roadway 
can be widened at any future period. 

The width of existing roads necessarily varies according to the geo- 
graphical position which they occupy. An ordinary country road may, in 
view of its importance, be metalled to a width of from 10 to 15 feet, while a 
main road may vary from 15 to 25 feet. 

Beads situated between large towns, and those in suburban districts, 
are usually 25 to 30 feet wide, while city roads generally have a width 
of from 30 to 45 feet. In many instances, however, 50 to 60 feet haa 
been adopted in lajring out new streets in the larger cities, while a width of 
100 feet and over is proposed for some of the principal thoroughfares in the 
metropolis to relieve the congestion of vehicular traffic, which has been 
expanding to an enormous extent for many years past. 

The widths stated do not include footpaths, which are usually provided 
on one side of the road, and in many instances on both sides, as in villages 
and populous places. 

The footpaths generally occupy a width of 6 to 7 feet, so that on county 
main roads, exclusive of side verges, the total width of roadway may be 
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from 21 to 31 feet, while in the case of saburban roads, with footpaths on 
either side, the entire width is generally from 37 to 42 feet. 

898. Contour of Boads and Miniimnn Oradients. — ^The cross-section 
which should be given to a road of certain width is a matter of great 
importance. It is nsual to construct a road which is practically level 
longitudinally with more convexity or a greater contour, than one which has 
a minimnm gradient of 1 in 80 to 1 in 100. The lattei inclination will, 
even should the convexity of the road be inconsiderable, enable the surface 
water to be efficiently drained to the side chaifnek. 

The best form of cross-section to give, like many other details in connection 
with road work, is a matter about which a great diversity of opinion exists. 

Macadam considered ''that a road should be as flat as possible with 
regard to allowing the water to run off it at all, because a carriage ought to 
stand upright in travelling as much as possible.'' * The rise or versed sine 
given by Macadam was 3 inches on a width of 18 feet, his view being that, 
if the surface be well made and smooth, the water would run off freely with 
such a convexity. 

Telford recommended the form to be that of a flat ellipse, the rise being 
6 inches on a road 30 feet wide. 

Many authorities have advocated a cross-section composed of straight 
lines falling towards the channels at an inclination of 1 in 24, and joined 
by a short curve at the crown of the road. By adopting this form of cross- 
section it is obvious that the contour will soon be destroyed by the inclined 
flat sides wearing into hollows between the crown of the road and the 
haunches. When the central portion of a road is worn flat, or there is a 
want of convexity, the surface rapidly becomes destroyed by the wearing 
effects of the traffic and defective drainage combined. The practice of 
giving an excessive contour to roads, or, as it is sometimes termed, making 
it 'hogbacked' or 'barrelled/ should be avoided, as it is with difficulty that 
vehicles can travel over them with safety except at the centre. A road 
having an excessive rise, besides being dangerous, either causes the wheel 
traffic to be confined to one track at the crown of the road, or when 
travelling on the sides the tendency of the wheels to slip or travel towards 
the channels creates a considerable amount of wear on the road surface. 

It is evident, under these circumstances, that the labour of horses is 
greatly increased, while the wear to the wheels of vehicles is aggravated. 
The excessive contour which a curve at the crown of a road joined by two 
straight lines produces is shown in flg. 117, which also shows a flat ellipse 
for a similar width of road. 

The best convexity for all practical purposes is a rise of from /^j- to -^j^ of 
the width of the metalling. The form should be that of a flat elliptical 
curve, which, besides admitting of the greatest amount of wear to be 

* Parliam&niary Report on the Highways of the Kingdom, 1819, p. 22. 
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obtained from the metal coating, is sufficient to pass off the surface water 
freely. 

The former rise gives a transverse gradient of I in 33 nearly, for three- 
fourths of the width of the roadway, and this convexity is made use of on 
suburban roads and those maintained on the patching system. The latter 
rise, namely, ^ of the width of the metalled portion of the roadway, is 
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Fio. 117. — ^Elliptieal *nd straight line and curve oontoor. 

that invariably adopted when the metal coating is spread the full width 
and steam-rolled ; it is a gradient nearly equivalent to 1 in 25 for a coii- 
siderable breadth of the central portion of the road. This additional rise is 
necessary, because after a few years' wear, the general contour approaches 
that of the former, or 1 in 33, and that before the surface has to be refaced. 

854. Details of Gonstructioa — When the road bed has been prepared, 
a layer of stones varying in size from 3- to 4-inch cubes, and weighing from 
1^ to 1^ lbs., is spread over the surface to the intended width, the thickness 
being regulated according to the class of road and the amount of traffic likely 
to pass over it. The bottoming material may be prepared in the quaxries 
and subsequently conveyed to the works, or (as is generally the method 
adopted) the rough material is carted direct to the road under construction 
and deposited on the formation bed, when it is hand-broken and formed to 
the required width and thickness. Where the material for bottoming is 
broken in this manner the cost will be from 6d. to 8d. par ton (including 
spreading, but excluding the cost of quarrying and haulage). 

A depth of from 6 to 9 inches for roads in country districts may be con- 
sidered sufficient, the thickness being increased to 12 inches for suburban and 
town roads. The formation bed of county roads u generally made level trans- 
versely, the requisite contour being attained by increasing the thickness of 
the bottoming and metalling in the centre of the road. This, of course, 
presents a road the sides of which are not equal in strength to the central 
portion, but as from 50 to 75 per cent, of the wheel traffic on this class of 
roads passes along the middle part, the wear is there greatest and the flanks 
or bermes are relatively strong in proportion., 

For suburban and town roads, or for exceedingly wide county roads^ where 
the wheel traffic spreads entirely over the surface, aod is therefore equally 
distributed upon the road, it is desirable to form the foundation of a uniform 
thickness and of equal strength. This is accomplished by making the 
formation bed of the road conform transversely to the contour which the 
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fiuiehed anrface will assume whea finished. Figa. 118 and 119 show a 
CKMS-section of a country road and that of a auburban toad respectively. 
The bottoming, whether for snbarban ot country roads, shonid in every 
case be Gteam-rolled, the interstices being tilled with sand or gravel brushed 
into the joints during the fiusl stages of consolidation. Artificial watering 
Bbould not be permitted until the rolling is completed, when the work may 
be tested by sprinkling water over the surface to ascertain if the voids 



Fio. 118. — CroM-Bfiotion of a conntiy TotA, 

between the stones forming the bottoming are thoronghly filled. Great cere 
is necessary, however, when applying water under these circnmstance!), as 
should an undue amount reach the bed of the road and soften the soil, 
depressions will he formed by subsequent rolling, which may possibly result 
ID a permanently weak place being formed. 

In the event of depressions being formed, resulting from the unecjual 
capacity of the soil for liearing the material composing the bottoming, or^jy 
reason of water finding ita way to the road bed or formation, it becomes 
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Fia. 119. — Crou-nction oFk snburban tokJ. 

neceasary to add more material of the same nature and quality, in small 
quantities, until the whole surface is brought to a regular and uniform 
contour. 

On this foundation or pavement a cushion layer of sharp clean sand or 
fine gravel should be spread, from 1^ to 2 inches in thickness, to receive the 
top metalling. If this precaution ia not taken, the metal coating, espe- 
cially if it be of moderate thickness, will be crushed by the action of the 
roller wheels pressing the stones on the hard consolidated bottoming 
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The top metalling may now be' proceeded with and spread to a thicknesSy 
according to the requirements considered necessary, but generally varying 
from 3 to 6 inches. If the latter thickness is necessary, it will be advisable 
to carry out the work by spreading the material in two layers and consolidat- 
ing the first before applying the second coating. 

855. In either case the rolling should be commenced at the water tables 
or outside edge of the metalling and be gradually extended towards the 
crown of the road. After repeated passages of the roller, and when the 
macadam has been properly set or interlocked, binding of a sandy description 
may be applied by shovels, care being taken to spread it evenly over the 
surface of the metal coatiug. • 

The rolling is continued meanwhile with the addition of an artificial 
supply of water and brushing, until all the interstices between the stones 
are filled up. 

Great care must be exercised to prevent any unnecessary watering, which, 
besides doihg no good to the metalling, might penetrate and do damage to 
the foundation by softening the natural soil. The surface is finished by 
applying a coating of screenings from the stone-breaker one-half inch thick, 
the roller passing backwards and forwards until a thoroughly solid and 
smooth surface is obtained, any surplus binding being swept off daring the 
final stages of rolling. 

356. Cost of Boiling Eoad Bottoming. — ^The cost of steam-rolling from 
6 to 12 inches of bottoming and filling the voids with sand, assuming the 
latter has been obtained within a reasonable distance of the work, may be 
put down at 3d. or 4d. per ton of material consolidated. The consolidation 
of the top metalling in foiming new roads requires a considerably longer 
time than does that of a coating of metal spread on an existing road. This 
may, in certain circumstances, amount to Is. per ton of metalling consoli- 
dated, or an average of 8d. for the combined operation of rolling the bottom- 
ing and top metal when these quantities are of equal depth. 

Maintenance of Macadamized Boads. — To maintain an existing road in 
good order it is necessary to perform the work either by annual repairs or by 
applying a wide and continuous coat of metalling and then steam-rolling itw 
Roads repaired by the latter method, depending on the quantity of metalling 
applied, may wear for a considerable number of years with but little 
attention. 

357. Wear on Boads. — The wear of the macadam composing the crust 
of a road is due to two causes, namely, the traffic and the weather. The 
amount of the former, and the wearing effect due to wet weather and wheel 
traffic determine to a great extent the quantity of material necessary for the 
efficient maintenance of the surface of a road. Frost has the effect of 
expanding the moisture in the crust of a road in proportion to the amount 
of soft or muddy material which it contains. Alternating frost and thaw. 



CONSTRUCTION AND MAINTENANCE OF ROADS. 259 

^hen the road contains a high proportion of detrltas to hard material, break 
up and in many cases destroy the surface of roads, even when the thickness 
of metalling is ample to sustain the heaviest vehicular traffic in ordinary 
<citcumstances. 

Sir J. Macneill estimated the wear due to atmospheric causes at 20 per 
•cent, of the total ; while of the 80 per cent, due to traffic, 60 per cent, was 
caused by the action of the horses' feet, and 20 per cent, was due to the 
wheels of fast coaches. In the case of heavy or waggon traffic, the wear 
•caused by the feet of horses was stated to be 44^ per cent., and that by the 
'wheels 35^ per cent. Any obstruction on, or irregularity of, a road surface 
increases the draught considerably, and the wear or injury caused by the 
action of the horses' feet is augmented accordingly. 

It is obvious that on a hard smooth surface the combined wear caused by 
the action of horses' feet and the wheels of vehicles, especially in the case of 
heavy loads, is comparatively less than on a road the surface of which is 
uneven or of a yieldiug nature. 

858. Bepairs by Fatching. — ^In patching a road the quantity of metal- 
ling which it is necessary to apply each year will have to be determined (as 
already pointed out) by the amount of wheel traffic passing over it, the 
quality of the macadam employed, the situation, whether shaded or open, 
and the facility with which the surface and subsoil drainage can be 
disposed of. 

On practically level roads the consumption of material for repairs, com- 
pared with a similar length of road situated on a gradient of 1 in 80 or 1 in 
100 and subjected to the same amount of traffic, will require from 15 to 25 
per cent, more material to maintain the surface in an equally good condition. 
The annual wear in thickness of a metal coating may vary from oue-third of 
an inch on light trafficked roads to 3 or 4 inches on roads subjected to heavy 
and continuous traffic. 

It is difficult to measure the annual wear, as the depth generally given 
is that of the material laid in a loose state and subsequently consolidated by 
"wheel traffic. 

859. The quantity of material necessary for repairs is usually stated at 
BO many cubic yards or tons per mile of road. On roads over which the 
traffic is light the annual quantity of macadam necessary for repairs may not 
exceed 20 cubic yards per mile, while for ordinary country main roads the 
average consumption of material may be taken at 40 to 50 cubic yards per 
mile, and for roads situated between large towns the annual amount of 
metalling requisite to keep the surface in good repair may amount to 200 or 
400 cubic yards per mile. In the vicinity of large manufacturing towns, 
however, the quantity may rise to 700 and even to 1000 cubic yards per 
mile per annum. 

Very interesting comparisons could be made of the wear of roads under 
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different circamstances if accarate data could be obtained of the amonnt of 
material applied in repairs, and of the traffic passing over a given length in a. 
given time. 

To add still farther to the difficulties which beset this subject^ the nature 
of the subsoil and the condition of the dmnage haye to be taken into con- 
sideration, while the quality of the material employed for repairs is a factor 
which enters largely into the question. 

860. To exemplify how much depends on the quality of the metalling 
made use of for repairs, and, consequently, the number of cubic yanla- 
applied on each mile of road during a season, the following may h& 
mentioned : — 

Previous to steam road-rolling being introduced, the different lengths of 
roads under the author's jurisdiction were maintained on the patching, 
system from various quarries, the material from the nearest local soorce 
being generally employed. 

One of the sections of road referred to, although in yery good condition, 
was entailing a greater cost for maintenance per mile than other portions of 
the same road under similar conditions as to traffic, gradients, and exposure 
to the action of the sun's rays. The surface and subsoil drainage were 
examined, but as they were found to be in good order the cause of the differ- 
ence had to be sought for elsewhere. The amount of scraping and cleaning 
was much greater in proportion to that on the adjoining portions of the road,, 
while the annual consumption of metalling was relatively much higher. 
This clearly pointed to the quality of the macadam, which was to all appear- 
ance of a suitable nature, but did not give equal wearing results under 
traffia The metal of which this particular section of the road was repaired 
cost 48. per cubic yard deposited in depots, the quarry being situated within 
an easy carting distance. 

The quarries yielding the material for repairing the adjoining sections^ 
of the road wore situated at a considerable distance, but under the circum- 
stances it was considered desirable to rearrange the source of supply from 
which the metalling for the portion of road referred to should be obtained. 

To supply stones from the other quarries involved an additional cost, 
principally for haulage, the average price being 5s. 6d. per cubic yard. 
The quantity of metalling applied each year previous to this was 150 cubic 
yards per mile, which meant at that quantity an additional annual outlay of 
£11, 5s. for road metal alone. 

It was observed, however, that in the course of two years the condition 
of the surface of the road was such, and the manual labour had decreased sa 
greatly, as to warrant the annual amount of metalling for repairs being 
reduced by 50 cubic yards per mile of road. 

It is obvious that by the judicious application of a durable material, 
economy in the cost of maintenance is ultimately attained, while the condi» 
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tion of a road is improved, and the tractive effort of horses reduced. The 
actoal cost of mainteDance, including labour, in the case mentioned was, 
by substituting a better quality of macadam, reduced by £5 per mile, which 
4tt first sight does not appear a great saving, but, assuming the principle to 
be applicable to many miles of roads, under similar conditions to those in 
the one pointed out^ the annual expenditure might, in many instances, be 
considerably reduced. 

For this reason and many others, and with a view to efficient labour and 
attention to drainage, comparisons should be made of the annual expenditure 
on different sections of roads similarly situated, so that when excessive 
differences arise, the whole expenditure may be analysed in detail, and the 
causes of the apparent discrepancies ascertained. 

861. Cost of Maintaining Boads. — The annual cost of maintenance per 
mile of roads, like the quantity of metalling applied, is a very variable figure, 
end depends on the amount of wheel traffic, the quantity and quality of the 
material employed for repairs, the distance of the source from which it is 
•obtained, the situation of the roads being open, and with favourable gradients 
for efficient drainage or otherwise, and the cost of labour in the particular 
district. 

A road repaired with suitable material on a well-drained subsoil, exposed 
to the action of the sun and air, and over which there is a moderate 
amount of traffic, may be maintained for a trifling sum for each mile per 
annum. On main roads, however, where the wheel traffic is much heavier, 
the annual cost for maintenance may vary from £20 to £70 per mile, while 
on suburban roads and those situated between large cities, the cost per mile 
may range from the latter figure to £200 or £300 per annum. 

862. It is stated, on the authority of Mr. Browse, that in 1856 the cost 
•of the yearly maintenance of the road over Westminster Bridge (which, 
«ince that time, has been paved with causeway setts, and is now laid with 
wood blocks) was at the rate of £3300 per mile, the average wear of the 
granite macadam being 5^ inches. Other figures give the annual cost of 
maintaining macadamized roads on some of the streets in London noted for 
their incessant and exceedingly heavy traffic, which have since been paved 
with setts or wood blocks, at 28. 9d. to 33. 6d. per square yard. It is, how- 
ever, necessary to bear in mind that the cost of granite metalling (Guernsey) 
is 14s. to 18s. per ton delivered in London. 

368. Bdative Proportion of the Comfained Oost of Maintenance. — ^The 
relative proportion of the outlay on manual labour and materials to the com- 
bined cost of maintenance will vary according to the requirements of a road 
And the price which is paid for the macadam, the distance hauled being an 
important factor in the case. 

On light-trafficked roads the cost of manual labour will be increased in 
proportion as the amount of material applied becomes less. In the case of 
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these the cost of manaal labonr ranges from 40 to 50 per cent, of the com- 
bined expenditure, while the proportion, when the quantity of material 
employed each year is from 100 to 200 cubic yards per mile, procured at an 
average cost, may be only 25 to 30 per cent, of the combined cost. 

In the case of some of the busy thoroughfares in London, where the 
quantity of metalling applied on the roads each year exceeded 500 cubic 
yards, and the annual expenditure was about £400 per mile, the propor- 
tion of labour probably did not exceed 18 per cent, of the combined 
cost. 

It may be observed that on country roads the average cost of mainte- 
nance varies considerably. Many roads or sections of a length of road are 
kept in good order for £7 per mile per annum, while on roads over which a 
heavy wheel traffic passes, the yearly expenditure for maintenance on short 
lengths may cost £100, £200, or even £300 per mile. 

364. Methods of Sepairing Soads. — ^The repairing of the surface of 
roads may be carried out either by placing new materials in thin coats and 
small patches year by year, known as the ' patching ' system, or by spread- 
ing a coat of metalling of varying thickness, according to requirements, and 
consolidating the material by steam rolling. 

In the former case the loss by wear caused by the wheel traffic and 
weather is replaced annually. In practice it is found that the wear and 
the thickness of the material composing the crust of a road are very 
irregular, consequently it often happens that under certain circumstances- 
portions of a road are coated more frequently than others which are more 
favourably situated. 

The new materials should be spread on the parts of, a road which requires 
them, namely, in hollows or depressed and weak places, with a view to 
making the most frequently traversed portion of the road as far as practi- 
cable of uniform strength. The number of years which will elapse before 
-the whole wearing surface of a road will be covered, assuming it to be of a 
nearly uniform strength throughout, will depend chiefly on the amount of 
vehicular traffic passing over it, and the quality of the metalling employed* 
The number of cubic yards, therefore, which it is necessary to spread over the 
surface in patches on a stretch of one mile of road each year in order to 
keep it in proper condition, will depend on the requirements of each 
particular case, 

865. A cubic yard of ordinary unscreened hand-broken macadam, from 
J inch to 2 J inches in size, will, if carefully spread, cover about 28 to 30^ 
square yards of road surface one stone thick. If the material is screened to 
a size similar to that passing from a breaking machine, the area which one 
cul>ic yard will cover, the stones just touching each other, only amounts ta 
24 or 26 square yards. In the event of the macadam being packed close, as 
is usually the case when it is spread in connection with rolling operations, thft 
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area ooyered will not OKceed 16 square yards, while 1 ton of 2j^-inch screened 
macadam covers about 13 square yard?. 

From these figures can be ascertained the number of square yards of 
surface which can be covered when the quantity of material which is allo- 
cated to each mile of road is known. Thus on a road 15 feet wide, with an 
annual supply equal to .175 cubic yards of macadam per mile, each part of 
the road would be coated once every two years. Taking the quantity of 
metalling at 40 cubic yards per mile per annum with the same width of 
road, it would take a period of nearly nine years before the whole surface 
could be coated. On a roadway 30 feet wide, the whole surface would be 
covered every two years with a quantity of 350 cubic yards per year per 
mile, or every four years with an annual supply of 175 cubic yards per mile. 

It is evident that certain parts of a road must undergo wear for many 
years without needing to be coated, while it is obvious that certain parts of 
the roads repaired by patching must necessarily be less strong than other 
portions. The road may be able to withstand the ordinary traffic, but in 
the event of excessive or exceptionally heavy traffic coming upon it, combined 
with bad weather, the crust of the road, especially where the next annual 
coating of metal will in all probability be spread, would suffer owing to its 
weak state of repair. Heavy weights traversing a road, irrespective of its 
strength to bear them, will cause considerable damage, and in all probability 
reconstruction may be necessary at places. 

In applying small coatings of metal, it is usual to spread a patch alter 
nately on either side of the crown of the road, and, when necessary, on the 
centre, leaving a sufficiently clear space between the coatings so as to ' force * 
the vehicular traffic to follow a winding track, while the horses' feet can 
avoid coming in contact with the stones. This means of consolidating the 
freshly laid metalling is naturally avoided where possible by those using the 
roads, so that the remainder of the road surface will receive an undue share 
of the traffic, with the result that considerable wear is caused in places 
least able to bear it. By exercising care in the spreading of the metalling, 
which is to be worked in by the wheels of vehicles, and attention to the 
patches during the process of consolidation, great annoyance and incon- 
venience to those using the roads may be avoided ; while the damage to 
horses and vehicles, resulting from this cause, may be reduced considerably. 

The patches of macadam which are to be consolidated by wheel traffic 
should not exceed 4 to 5 yards in length, and from 1^ to 2 yards in width. 
In order to ensure the gradual working in of the metalling by the wheels of 
vehicles, it is desirable to spread a quantity of the small material round the 
edges of the metal patch. This will enable the wheels of vehicles to work 
gradually from the sides to the centre of the patch. 

The practice of stocking the surface or loosening the old material with 
picks where the new macadam is to be applied ia seldom resorted to* 
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Qenerally the weather prevailing during the winter months in this country 
presents but little difficulty to the process of incorporating the new metalling 
with the old surface by the ordinary wheel traffic, although the time occupied 
ill consolidating the macadam may vary from two to five months. 

866. Time of Tear when Bepairs should be carried out. — The precise 
time at which to commence applying the road metal will depend upon the 
climate, weather, the nature and strength of the road, and the class of 
material employed. The autumn and early winter, provided the surface is 
in a slightly soft condition, is generally the season for applying the bulk of 
the macadam. On many roads fully 75 per cent of the material is spread 
at the first operation, while on some roads, especially those over which there 
is a heavy traffic, only about 50 per cent, of the total quantity is applied in 
the first instance. In the latter case, and after the first coat of metalling is 
well set, a further quantity, amounting to about 25 per cent., is applied 
generally in the month of January, the remaining 25 per cent, of the 
total quantity of macadam, which is usually of a small size, being spread 
in either case about the middle of February or beginning of March ; this 
is known as ' spring patching.' 

Should the rainfall during this time of the year be under the average, or 
otherwise dry, the vexed question of using a binding material will present 
itself. 

Under normal conditions of rainfall, the amount of material for repairs 
necessary to be applied so as to keep a road in good condition will, apart 
from the amount of wheel traffic, be greatly affected by the weather. 
When the quantity of macadam used per mile of road per annum is deter- 
mined in relation to the position the road occupies, the amount of wheel 
traffic which in ordinary circumstances traverses it, and the average rainfall, 
there should be little difficulty, by judicious management, in having 
all the coatings thoroughly set by the beginping of April each year. 
During a dry season, however, although the surface of the road was in 
suitable order when the metalling was applied, a binding of some kind is 
necessary to retain the stones in position, if not also to aid the consolidation 
of the coatings. Binding, or rather ' blinding,' should not be spread over 
macadam lying in a loose open state, otherwise the surface will become 
rough, and the ultimate wearing capacity of the coating be greatly reduced. 
Generally speaking, binding should not be applied to the metalling unless 
the coatings are partially set or consolidated, and then only daring the spring 
months, in order to give a smooth surface, and preserve the macadam from 
being crushed ; but it may be absolutely necessary to apply it owing to the 
absence of moisture to effect this properly. 

867. The practice of . using blocks or trestles to force the wheels of 
vehicles on to the metal patches is a primitive method of aiding in effecting 
consolidation, but one which, under adverse circumstances, is inseparable 
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from the mode of repairing roads by means of spreading isolated patches of 
macadam on them. The use of these should be restricted as mach as pos- 
4uble, and resorted to only when damage is likely to occar by reason of the 
vehicalar traffic running in one track after the supply of metalling is exhausted. 

868. Composition of the Crust of a Boad. — The composition of the 
•crust of a road that has been repaired by a system of patching is made up of 
A high proportion of detritus in combination with the metalling forming the 
wearing surface. 

Experiments have been made to ascertain the composition of traffic-con- 
«olidated road surfaces or the proportion of solid material to that of voids or 
spaces filled with small stuff or muddy cementing material. 

Observations on metalling broken by hand to pass through a 2^inch 
Ting show the average proportion of solid to void to be 56 per cent and 
44 per cent, respectively. 

During the process of consolidation by the wheels of vehicles, a consider- 
able amount of the material is reduced to dust and small chippings. This 
waste, brought about by abrasion, is estimated by some authorities at 30 per 
•cent. ; to a certain extent it assists in filling the voids of the macadam, 
4tnd in the consolidation of the coating. The greater portion of this waste 
is, however, scraped off the road in the form of mud. 

If a portion of a well-kept wheel traffic made road, repaired with hard 
whinstone or basalt, be taken up, and the component parts of the sample 
separated so as to exclude all material which will pass through a half-inch 
riddle, a size that may be fairly considered as exhausted macadam, it will be 
found to contain on an average 56 per cent, of solid and 44 per cent, of void 
detritus. 

This proportion, it may be observed, is similar to that of the original 
cnetalling. 

869. Mr. Codrington, when acting as Superintendent of the County 
Hoads in South Wales, carried out many experiments in connection with the 
composition of road coatings on roads repaired with different kinds of 
material.* The average results he obtained show that 39 per cent, of the 
material composing the constituent parts of the crust was made up of stones 
over Jths of an inch in size, 44 per cent, of small stuff from less than |ths to 
■^^th of an inch, while 1 7 per cent, consisted of detritus or mud. This is 
practically equal to 39 per cent, of solid or serviceable material and 61 per 
cent, of void or small exhausted macadam and mud, although in some cases 
the proportion of solid to void was nearly equal The material was origin- 
ally 2^ and 2^-inch metalling, but was principally composed of mountain 
limestone. 

He also states that specimens of consolidated limestone roads weigh from 

* The Maintenance of Macadamized Boads, by Thomas Codrington, second edition, 
1892, pp. 54 and 65. 
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161 to 163 J lbs. per cubic foot, when the limestone of which they are- 
repaired weighs 171^ to 172 lbs. per cubic foot, the consolidated road beiiig^ 
thus 93^ to 95^ per cent, of an equal bulk of solid stone. The same pro- 
portion was found to prevail on consolidated road surfaces composed of 
metalling prepared from igneous rocks. 

870. When the metal coatings of roads contain a large proportion of mud 
and small-^ized stones, such roads will not be capable of withstanding the- 
wear occasioned by the passage of heavy traffic during wet weather, or when 
the crust of the road is in a soft state. Alternations of frost and thaw in 
such roads will likewise destroy the coating and reduce the better portions of 
the metalling quickly to detritus, more readily than in a road the constituent 
parts of which are mainly composed of serviceable material. Under the latter 
conditions, and with efficient surface and subsoil drainage, these atmospheric- 
influences have but little damaging efl^ect. 

The inconvenience experienced, and the great waste of material insepa- 
rable from the old method of repairing roads by patching, however weU 
carried out, cannot be compared with an efficient system of steam rollings 
and this mode of repairing roads will now be described in detail. 

871. Steam EoUing as applied to Eepairing Boads. — In many coun- 
tries the methods practised in obtaining the material, the subsequent means- 
adopted in reducing the rock to macadam, and steam rolling, are carried out 
on thoroughly scientific principles. Apart from the great advantages to 
those using the roads, and which are of primary importance to owners of 
horses, a considerable economy in the maintenance of the roads, compared 
with the old system of performing the work, can be shown to result from tho 
employment of an efficiently equipped road maintenance plant 

The construction of the steam roller has been already described, and no 
matter what the weight of the engine employed to perform the work of con- 
solidating the metalling may be, the method is precisely the same, although 
the cost of rolling will be somewhat higher when rollers of the light class ara 
made use of. 

A system of rolling practised in some of the counties in this country is 
that of consolidating the metal patches which were formerly allowed to be 
worked in by the ordinary wheel traffic. 

The area to be covered is generally loosened by means of hand picks, or 
by a scarifier, previous to the new metalling being applied. In most casea^ 
however, the edges of the worn-out parts to be renewed are only loosened, so 
that the macadam forming the outside of the patches will not be crushed by 
the roller wheels during the process of consolidation. 

If the surface of a road contains a considerable amount of detritus or is 
previously softened by artificial watering, the macadam, which can only be 
spread one stone thick in this method of repairing, may be consolidated 
without much damage being done to the metalling. Under ordinary circom* 
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stances, howeyer, the portions of the road to be repaired should be picked or 
scarified, otherwise the macadam will be, to a great extent, pulverized hj 
being placed between two hard substances, namely, the surface of the road 
and the roller wheels. In rolling patches of metalling it is necessary to- 
sprinkle water over the surface to aid consolidation, the detritus in the old 
macadam being generally sufficient to form a binding for the new coating. 
This is swept over the surface ; then, by repeated passages of the roller with 
occasional watering, all the interstices of the stones are filled up and the 
surface is made perfectly hard and smooth. 

This method of improving the surface of roads is undoubtedly a very 
decided advance on the barbarous system of consolidating the macadam 
by the wheel traffic formerly resorted to, and which, unfortunately, is still 
in operation in many districts at the present time. It must be admitted as 
a general principle, however, that when rolling patches of metalling, the whole 
width of the roller wheels cannot be brought into use simultaneously or 
continuously. For very small repairs, or on roads which have been rolled 
and are slightly out of repair at places, the process of mechanical scarifying, 
applying a small quantity of fresh materials, and rolling, improves a road 
surface considerably, and it may thus be made nearly equal in durability and 
appearance to a road which has been coated and consolidated. 

872. Boiling Patchwork. — The following is an instance, and the re- 
marks are applicable to a greater or less extent in rolling all metal patches. 

When a patch of metalling, 3, 4, or 5 feet in width, has to be consoli- 
dated, the effect of rolling is such that a part of the breadth of the engine 
wheels overlaps the metal patch, consequently that part is doing no actual 
work so far as consolidating the new coating of metal is concerned. It has 
been already stated that the rolling width of a 15-ton roller is 7^ feet, 
while in one of 12 tons weight it is 6^ feet ; hence, to obtain the advan- 
tage of the full efiEective width of a roller the breadth of the metal patch 
would require to be increased accordingly. This, in effect, means adapting 
the extent of repairs to the rolling width of the engine, irrespective of the 
actual necessities of the road. Assuming, then, that this has been satisfac- 
torily arranged, the length of the metal coating has to be considered, and it 
may happen that by this system of working the new material is spread with 
but little space between the patches, which will admit of the maximum amount 
of surface area of metalling being rolled. It is obvious, nevertheless, that as- 
the roller commences work clear of the metal patch, or on the old portion of 
the road (a process which is repeated each turn the engine makes), and also 
overlaps the width, a considerable amount of the benefit of rolling is wasted 
on the portion of a road which is probably in excellent order. In other 
words, the cost of rolling patches of metalling is considerably greater than 
when continuous coatings are spread to the full width. 

The author has found from experience that 30 cubic yards of metalling: 
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spread in isolated patches can be consolidated during the antumn and winter 
months with a 15-ton loller. 

873. Cost of SoUing Patches of l[etall]xig.--The cost of rolling thin 
coatings of metalling applied on the patching system, including sweeping, 
horse, and water tank, but exclusive of spreading the macadam, is 8d. per 
cubic yard. It is necessary to add, however, that in some cases many of the 
patches were partially consolidated by the wheel traffic previous to the work 
being undertaken by the roller. 

The County Surveyor of Nottingham* has carried out the patching 
system of repairing road and steam rolling on an extensive scale for some 
years past with good results. 

He uses 12-ton rollers, and the average cost of consolidating the metal- 
ling, including small repairs to the plant, is 9d. per ton. This is an average 
for working all the year round, the operations being carried on during the 
summer months on the roads which are nearest the best supply of water. 

This system is mostly followed where limited quantities of jmetalling are 
applied annually, and especially when the cost of the broken stones reaches 
a high figure, the object being to obtain a smooth surface, but so treated 
a road would, of course, not have a reserve of strength capable of withstand- 
ing fluctuations of traffic. 

The quantity of material spread in patches which can be consolidated by 
the roller each day under ordinary circumstances is on an average 30 tons ; 
in many instances, however, 20 tons may be considered good work, especi- 
ally where the exigencies of the passing traffic necessitate frequent stoppages 
during the operations. 

874. Boiling Continuous Coatings of Metalling. — ^For the reasons 
given, and because of the time lost by the roller travelling to distant parts of 
A district repeatedly year after year, the author prefers to consolidate coatings 
of metal in long stretches spread to the necessary width, as the experience 
gained in carrying out the two systems clearly shows that in that here referred 
to there is greater economy in working expenses as well as increased efficiency. 

The roads are also more uniform in strength, while a more regular wear- 
ing and durable surface is obtained by a system of continuous coatings with 
consolidation by steam rolling. 

The additional quantity of metalling necessary to keep a roller constantly 
bX work in some districts mighty at first sight, be considered a serious obstacle to 
the introduction of road-rollers on economical grounds alone. No doubt this 
would be the case if, in addition to the annual quantity usually allocated for 
patching purposes, a great amount of metalling were supplied to coat long 
stretches, or otherwise to ensure the roller being continually employed. 

875. By adopting a graduated system, however, so that certain roods, 

* A Paper read before the Incorporated Association of Municipal and County 
Engineers, vol. zxii., on ' Steam Rolling,' by £. Pomell Hooley. 



CONSTRUCTION AND MAINTENANCE OP ROADS. 269 

to be rolled in the course of a period of three or foar years, may be arranged 
for in advance and added to as the work proceeds year by year, the previoua 
annual quantities of material applied to these roads can, by judicious 
management, be reduced considerably in view of a thorough repair being 
undertaken within a limited period of time. 

In working out this system of concentrating the metalling, due con- 
sideration must be given to the requirements of particular roads and 
certain sections of a road, where circumstances indicate that attention and 
the application of macadam are necessary to prevent the crust of the road 
becoming destroyed. It is advisable, not only when rollers are being 
introduced for the first time, but as rolling operations are extended, to- 
prepare a list of those roads which it may be considered necessary to under- 
take in the first instance, and those to be dealt with later in rotation. 

876. The roads, extending probably many miles, which it is intended to 
roll during the season following the previous year's supply of metalling, 
should be repaired by only employing the quantity of material that is just 
sufficient to maintain a fairly good surface without allowing the road coating 
to become tracked. 

By this means, and when the following year's supply is prepareil, a 
quantity of macadam nearly equal to two years' ordinary allocation is thus 
reserved until the rolling operations are commenced. This arrangement 
may be extended so that a three or four years' supply may be applied and 
rolled on any particular road. 

As a means to an end, this is the only method which can be followed,, 
unless larger quantities of material can be procured at a cheaper rate. 
Methods have been described in the chapters on Quarrying and Stone- 
breaking, by which material can be procured at a small cost. 

Undoubtedly a country road can, by careful attention, be kept in good 
repair with a small quantity of material for a limited period of time, and by 
allocating a quantity of macadam, to be applied only when the road shows 
signs of giving way, a large amount of metalling muy be reserved and con- 
centrated on roads where found necessary in connection with rolling opera- 
tions. Adverse weather in the form of alternating frost and thaw, will no 
doubt injuriously affect certain portions of the road surface, but apart from 
a trifling expenditure in labour to remedy this, the weak spots can be 
specially treated previous to or at the same time as the general repairs are 
effected. 

It has already been shown that under the old system of repairing roads 
by patching and consolidating the coatings by wheel traffic, a layer of 
macadam one stone thick serves to bear the ordinary traffic without failure 
of the road surface for a considerable number of years. Any reduction,, 
therefore, of the annual quantity of metalling applied, as a temporary 
measure, will not materially affect the strength of the road for a time. 
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Experience shows that by judiciously arranging the annual allocation of 
material for repairs, the actual quantity previously used can be reduced by 
75 per cent., when rolling operations are to be undertaken the following season, 
and 50 per cent in the case of roads which are to be rolled the second year. On 
these roads which are to have attention during the third season, a quantity of 
metalling amounting to a 25 per cent, reduction on the former quantity applied 
will be sufficient for ordinary repairs. It is obvious that by this method 
of reducing the quantity of road metal, in advance and in regular rotation, 
a sufficient supply of material will be provided to keep the roller employed 
in consolidating either large patches of metalling, or wide continuous coat- 
ings. It may be well to state here that a reduction in the quantity of metal- 
ling used, when spread in continuous stretches and rolled, will give a saving 
of about 25 per cent, of the total amount formerly applied in patching 
which was consolidated by vehicular traffic. 

377. If the macadam used for repairs is hand-broken, it can be stored 
in dep6ts or brought direct from the source of production to the road 
under repair, care being exercised to avoid unnecessary haulage, which, 
besides entailing extra cost, does not add in any way to the efficiency of the 
work. 

It happens at times in some counties that a supply of suitable material 
cannot be obtained in the immediate neighbourhood of the roads to be 
repaired. This may necessitate the metalling being brought from a con- 
siderable distance, even from points beyond the limits of the county where 
the operations are to be carried out. In such circumstances the cost of 
maintaining the roads is considerably increased, owing to the high rate paid 
for haulage by rail or otherwise, which often amounts to three or four 
times the initial cost of the macadam at the source of production. 

378. Example of the Methods adopted in Arranging for BoUing Opera- 
tions. — Where quarries exist, the rock of which is suitable for producing 
road metal, and are so conveniently situated in relation to the road where 
the repairs are to be made that the material can be conveyed by carts or by 
engines and traction wagons, the following method of arranging the work is 
usually adopted. 

The fixing of the portable stone-breaking machine and all the other 
accessories being arranged as described in Chapter YI., the points on the 
road at which the supply of metalling should commence and terminate from 
the different quarries may best be illustrated by giving an example taken 
from actual practice. 

A road, A B, fig. 120, extending to 5 miles, was repaired by a con- 
tinuous coating of metal, the width ranging from 14 to 18 feet, while the 
depth of the macadam varied from one stone thick to 4 inches. The section 
A d^ of the main road A B, had been previously maintained with material 
of a hard and tough nature, over which a heavy traffic passed The surface 
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of the load was considerably worn, which necessitated a coat of metalling 
4 inches thick being applied. 

The section d e was repaired with the same material as the previous 
section, but the traffic passing over it was of a moderate description ; the « 
repairs being effected by scarifying the old surface, bringing it into proper 
contour, aud applying a coat of metalling one stone thick. The section 
^ B, the wheel traffic over which is considerable, was maintained with a 
material of a highly siliceous nature, while the surface had become badly 
•cupped, necessitating the coating being scarified and the old material screened 
to remove the high percentage of small or exhausted material. 

This small stuff was laid aside and used afterwards for binding the new 
metal coating, the thickness to which the macadam was laid being 3 inches 
between e/, and 4 inches between/ £. 

The quarries from which the metalling was taken are marked a, &, c in 
£g. 120. 

In deciding from which of the two quarries a and h the material should 
be taken for repairing the portion of the section from A towards d^ the 
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Fio. 120. — Plan showing how to economize haulage from quarries to main road. 

Tock being of equal quality, the relative distances and the probable expense 
-of working had to be taken into consideration. 

The conditions as regards the access to, and the service roads leading 
irom both quarries were very much alike, consequently the cost of haulage 
per ton-mile did not enter into the question. 

The point to be decided was the distance from the points a and h to the 
•commencement of the section at A. On referring to the measurements on 
sketch plan, it will be seen that, so far as the mileage is concerned, the 
quarry a would, for a distance of fths of a mile from A towards d^ be the 
preferable one so far from which to procure the material for repairs. The 
4][uantity of macadam required for this section A d of the road, to the width 
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aud thickness of coating shown^ would be 495 tons, which could be accom- 
plished in about nine days by means of a stone-breaking machine. 

Subsequent to breaking this quantity of macadam the stone-breaker 
would require to be removed to the quarry 6, so as to equalize the coet of 
haulage; but the removal of the plant from the quarry a to that at b, 
including dismantling and re-erection, would entail an expenditure of 508, 
The cost of production therefore would, considering the short period which 
the plant was required at quarry a, be euhanced by about 1^. per ion,, 
compared with the cost had the breaking machine been set to work ii» 
quarry b in the first instance. 

The expense of one change or removal was thus avoided, and although 
the haulage cost more, the total expenditure incurred in repairing the sectioD 
A d was less by procuring and breaking all the metalling required from one 
quarry, instead of, as contemplated at first, dividing the quantity betweeo 
the two quarries a and b. The cost of removing the plant from one quarry 
to another is infinitesimal when calculated at so much per ton on a large 
quantity of material, while it is considerable when only a few days' breaking, 
is undertaken, by reason of the high proportion of the time required for 
removing the machinery, to the actual amount of work performed. I» 
other words, the additional cost for breaking by machinery amounts to l|d.r 
per ton when the plant is removed each week, while it is under ^d. per ton 
of macadam broken, if a month's work be accompliBhed before commencing- 
operations in another quarry, compared with a longer period of time. 

It will be obvious from these considerations, that the most economical 
arrangement was to procure the whole material necessary for repairing the- 
section of road mentioned exclusively from the quarry b. 

The points d and e on the road, being situated exactly at the same dia- 
tauce from the quarries b and c, would, if the conditions were equal, present 
no difficulty in fixing on the point as that midway along this section, where 
the cost of haulage from either quarry is equal. 

The road from the quarry c is of an undulating nature, however, which 
involved an increase for haulage of l^d. per ton-mile compared with the 
cost of haulage from the quarry b. The question presents itself in thia 
way : at what point between d and e does the cost of haulage from either 
quarry become equal 1 This is uimply a matter of calculation. With regard 
to the sectiou e /, similar conditions as to haulage existed, and the road from 
the quarry c to B being on a gradual descent, the price per ton-mile for 
haulage was similar to that from the quarry b, namely 7|d. As in the pre* 
ceding case, it is necessary to calculate the cost of conveying the metalling, 
so that where the materials applied to the road from the two quarries meet,. 
the expenditure for haulage in either case will be the same. 

The spreading of the macadam, and therefore the rolling, should be 
commenced at the part of the road to be repaired which is farthest from the^ 
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Bonice of supply ; that is, when breaking in quarry b, the repairing of the 
road should be commenced at the point A, and be continued towards d. 
The portion of the section d e should likewise be arranged for by ^fixing the 
point where the operations are to be commenced, and working back to d, 

879, Haulage— how arranged. — By arranging the work in this manner 
the carts or wagons employed in conveying the metalling do not pass the roller, 
and therefore do not interrupt the work of consolidating the metalling. 

In conveying the road metal by team labour direct from the stone- 
breaking machine, or even when taking it from depdts, tip-carts only should 
be employed in depositing the macadam on the road, as by so doing the 
men spreading the material can regulate the supply when being emptied, and 
80 save extra labour in handling. 

The macadam is thus placed approximately in position, but all the 
material should be turned over by shovels so as to equalize the coating. 
With well-screened metalling less time is necessary to accomplish this than in 
the case of spreading hand-broken stones or material containing a large 
proportion of small or of irregular-sized stuff; it is necessary in either case, 
however, to employ thoroughly experienced men to perform this work, as 
the future durability of the coating, although rolled, will greatly depend on 
its having been properly done, 

380. The spreading of the metalling, as already stated, is commenced at 
the point furthest from the quarry, and when a stretch of about 30 lineal 
yards of road has been coated the rolling is commenced. 

To ensure that the proper quantity of macadam is being applied to the 
road, the area spread each day should be measured. 'On referring to the 
weigh-book, the total quantity of material removed from the breaking 
machine and deposited on the road is ascertained, when it can be easily 
verified if the proper depth of metalling is being adhered to. 

881. Binding Material and Artificial Watering necessary. — Pre-r 
vious to, and during rolling operations, binding material should be prepared 
from the road sides, if suitable, or brought from the nearest available 
source, and deposited conveniently on the bermcs or in the water-tables on 
either side, and all the water outlets should be closed. 

The rolling, as explained in Chapter YII., is commenced at either side 
nearest the water channels; the engine is worked gradually towards the 
crown of the road, and repeated passages are made in order to set or interlock 
the macadam, during which process the flat sides of the stones are brought 
uppermost. After this has been accomplished, and then only, the artiticial 
watering is commenced, when, according to the nature of the material and 
weather prevailing, the binding is applied; the new metalling being wet 
prevents its being ' licked up ' by the roller wheels. 

When clean sand is the material made use of for this purpose, it should 
be spread over the partially rolled metalling evenly and in small quantities aa 

S 
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the roller passes backwards and forwards, the interstices being gradually filled 
by watering and sweeping, until the whole surface is thoroughly consolidated 
and presents a mosaic-like appearance. If sand is applied before the metal 
coating is well set, it will be washed to the bottom of the macadam and 
cause trouble afterwards. When the binding material is composed of loamy 
0and, road^lrift, or road sweepings, from which the vegetable matter baa 
been removed by being properly weathered, the system of working adopted 
on roads up to 18 or 20 feet in width is to convert the binding in the water- 
tables into a grout by a copious supply of water, and passing the roller wheels 
over it The binding, in this consistence, is then swept from either water-table 
towards the crown of the road, when by the repeated passing of the roller 
the whole body of the macadam is bound togetlier. The process of rolling 
with a slight watering should be continued even after the surface appears to 
be consolidated, as by this means any surplus binding lying in the inter- 
stices of the stones will be squeezed out, and should be swept to the 
sides. 

382. Amount of Boiling necessary. —The amount of rolling neces- 
sary will greatly depend on the nature of the material and binding used, 
therefore no specific rule can be laid down ; experience and observation are 
the only guides. 

Generally speaking, a sufficient degree of consolidation will be attained 
when the stones cease to creep or move under the action of the roller 
wheels. 

A method of testing sometimes adopted is placing a single piece of 
road metal on the surface of the newly consolidated coating; should the 
stone be crushed to pieces instead of being forced into the general body of 
the road, a sufficient degree of hardness is considered to have been attained* 
This may be applicable in some cases, but as the quality of the metalling 
depends on this method of determining the degree of consolidation, it is not 
a very reliable test^ 

As all binding material contracts after the moisture evaporates, the 
metalling at the surface, especially during dry weather, becomes slightly 
loose. It is necessary, therefore, to apply some light binding material to 
counteract this tendency, for which purpose a thin coat of sand ^ inch thick 
spread over the surface is particularly useful, but during high winds it 
is easily blown away, leaving the surface of the road bare and unprotected. 

The best material which can in any circumstance be applied is, in the 
author's experience, the fine chips or screenings from the stoue-breaker, 
which, being of some weight, are not so liable to be thus disposed of. 

These binding materials should be applied immediately after the rolling 
proper is finished. It is advisable and, in most instances, necessary, on the 
advent of rain to send the roller over the newly finished road again. By 
doing so, every advantage is brought to bear on the metal coating, as the 
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lower part of it, being in a partially moist or green state, and the surface 
^iovered with a thin layer of chips, the whole mass is thoroughly compacted 
«nd a smooth hard surface formed. 

This produces a ' skin ' capable of resisting, under most circumstances, 
the destroying influence of dry weather and traffic on a newly rolled road, 
•especially when the binding material used is of the kind mentioned. In the 
4ibeence of rain it may become necessary to apply artificial watering to ensure 
■a properly finished surface. 

These remarks apply where in the rolling operations there is used only 
4ia limited a quantity of binding as possible, consistent with the proper 
•eohesion of the macadam, and not to the system of using unsuitable 
material for this purpose, applied in immoderate quantities, which will give 
-80 much trouble in the subsequent maintenance of a road. 

383. Hand-broken road metal applied without being screened, especially 
when the proportion of small material in its bulk is large and rolled in *the 
usual way, presents a cupped surface in a few months after the work is com* 
pleted. This is brought about by the material not being of a uniform size ; 
the spreading of it equally over the surface of the road is a very difficult 
matter indeed ; and should the metalling be prepared from rock of a highly 
siliceous nature, the process is well-nigh impossible. 

384. The traffic carried on narrow wheels will in a short time wear out 
^he parts where the small material has been spread and cause hollows to be 
formed, owing to its not being equal in strength to the proper sized macadam 
•composing a portion of the coating. 

A greater quantity of ordinary hand-broken metalling can be consolidated 
by a roller in a day than when machine or screened hand-broken is employed. 
In other words, the cost of consolidating ordinary hand-broken macadam is 
less per ton than when screened material is used. 

385. Method of Applying Scarifying Machine. — A machine for scari* 
fying the surface of a road is a very valuable adjunct to road-rolling, and 
may be applied in various ways. Many old roads containing a sufficient 
amount of metalling, and over which the traffic is of a light description, can 
be scarified 3 or 4 inches deep, brought to a uniform contour, and rolled, so 
as to present a smooth and hard surface. This may be carried out at a 
trifling cost, and will effect the improvement of making a good serviceable 
road of one previously in an unsatisfactory condition. The operation, 
whether for improving an old road or for the purpose of applying a light 
-or heavy coat of metalling, is carried out in a similar manner. 

The first cut when using Morrison's scarifying machine is commenced at 
the side and continued towards the crown of the road; then the engine 
is reversed, and the work done on the other side. The scarifying is best 
performed in the early morning, when, as a rule, the passing vehicles are not 
^o numerous. Two hours each day is, in ordinary circumstances, ample time 
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for this work in scarifyiDg an area sufficient to admit of the daily sapplj of 
material from the stone-hreaker heing spread over the loosened Borfaco, 

It is sometimes advantageous, however, when the consolidation of ther 
new metalling is well advanced, to keep the machine at work for three or 
four hours, which will be sufficient for two days' rolling. It is not advisable 
to exceed this amount, except on roads where the traffic is very light, as th» 
passage of the wheels of vehicles partially consolidates the newly scarified 
surface, especially during wet weather, which involves extra labour; the 
work must then be supplemented by hand picking. 

After the whole surface is scarified, men are employed to rake the 
material into proper shape, so as to present a uniform contour, any large 
stones turned up being broken to a proper size previous to the application o£ 
the new coat of metalling. 

886. Scarifying and Screening the Old Metalling. — ^The crust of a 
road which has worn down in a uniform manner is best repaired by apply<» 
ing a coat of metalling without the old surface being scarified. It is usual,, 
however, to run a cut with the machine on either side of the road where 
the width of the coating is to terminate. 

When such conditions exists it may be considered to be an ideal wearing 
road. This is only attainable when a tough weather-resisting material has. 
been employed, when the subsoil and surface drainage is perfect^ and when 
the road is open and well exposed to the beneficial influences of sun and 
air. In most cases it is preferable to scarify the whole surface of the road 
to be repaired, and when the old metalling is such that the proportion of 
small material to the full-sized stones is not great, all that requires to be 
done to prepare it for the fresh macadam is to rake the stones composing 
the old material into proper contour. This is the simplest method of com* 
bining a system of scarifying and rolling, and is the invariable practice 
where these modern appliances are in use. At first sight this app^ears to 
be all that is required, but if a portion of road newly scarified, other than that 
already mentioned in the preceding paragraph, be examined, it will be found 
to contain a large quantity of stones varying in size from a ^-iuch gauge to- 
the size of a pea, and a considerable amount of fine detritus. On most roada 
maintained by the aid of wheel traffic consolidation, the quantity of such- 
material, which may be considered the exhausted portion of the crust of a 
road, amounts to, on an average, from 60 to 70 per cent, of the whole mass* 

The quantity, of course, varies greatly, according to the condition of 
the road surface and the quality of the macadam which has been employed 
in carrying out the repairs ; and in isolated cases the quantity of exhausted 
to serviceable material has been found to reach as high as 90 per cent. 

In the case of roads repaired with a thick coating of metal aud steam* 
rolled, the original proportion of binding to metalling was on examination 
found to be 15 per cent., and when scarified years afterwards to admit ot 
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f urthei necessary repairs, it was found to contain abont 40 per cent, of 
•exhausted material. This small stuff, or exhausted material, was determined 
hy what would pass through a |-inch riddle or screen. 

The reduction in the size of the metalling is caused by the wheel traffic 
passing over the road wearing the stones, especially during wet weather, and 
^y the disintegrating influence of alternating frost and thaw. It may be 
observed that, even at a depth of 4 inches, a considerable amount of sand or 
detritus exists. Undoubtedly a large proportion of this is what may be 
termed 'soft or useless' material incorporated in the crust of the road, 
which, if allowed to remain when a coat of fresh materials is applied, will, 
after being rolled, give trouble sooner or later, ^ud the result will be the 
formation of a series of hollows or cups on the surface of the road. 

It is obvious that the direct cause of this unequal wearing is the large 
proportion of small to the ordinary class of material, consequently the irregu- 
lar sized stones forming the old coating are of unequal strength. 

387. On narrow roads the tendency of the traffic is to keep in one track, 
-causing undue wear, while the other portions of the surface remain in good 
condition. When once these depressions are formed (the surface water 
being unable to reach the side channels), the road at these points is subjected 
to great wear. 

To scarify the whole surface under these circumstances is unnecessary. 
What repairs are required may be accomplished by making one or more 
t;uts with the scarifying machine along the depressed or cupped portions of 
the surface, applying fresh metalling one stone thick and consolidating by 
rolling, and a perfectly smooth surface will be the result. 

888. When the system of repairing roads is carried out by patching and 
rolling, the work of consolidation is greatly increased by previously scarify* 
ing the surface of the road. By this method of executing repairs, the 
material can only be spread one stone thick so as to correspond approxi- 
mately with the other portions of the road. If the surface of the road is 
not scarified, considerable damage to the metalling would result by the 
crushing effect of the roller wheels passing over the metal patches. 

It is sometimes the practice to stock the parts of a road to be repaired 
by means of hand picking, but more frequently the outside edges only are 
loosened. This process is slow, and when only partially carried out results 
in damage to the fresh metalling, besides it is more costly than mechanical 
€carifying. 

889. ThickneBS of Metal Coatings when Consolidated by BoUing. — 
A matter which deserves careful consideration is the quantity of material 
which should be applied for consolidation by* steam rolling, in order to 
obtain the best results so far as durability and economy of maintenance 
Are concerned. The amount in cubic yards of metal applied per mile of road, 
under the M or patching system, is so far a means of determining this 

I 
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quantity approximately. To spiead a coat of metalling the full width of a 
road and to a given thickness, it is evident that so many times the previous 
annual supply should be applied in order to give good -results. The aathor 
has found in practice, that to obtain from five to ten years' service from 
steam-rolled coatings, due consideration being given to the quality of the 
material used and the situation of the road, an amount equal to four times 
the average annual supply formerly applied is sufficient. 

Should the crust of a road be considerably worn, or when repairing 
light-trafficked roads, it is advisable to apply a proportionately larger 
quantity of metalling, but in no case need it be more than six times the 
annual supply allocated under the patching system. 

In other words, a road which has been previously maintained in good 
order by an annual supply of 200 cubic yards per mile of road, would 
require^ in order to provide a continuous coating for its full width, 800 
cubic yards, or 890 tons, of metalling per mile. As in ordinary maintenance 
by patching, it is necessary, when carrying out the work by applying con- 
tinuous coatings, to increase the thickness on the level stretches as compared 
with the other portions of the road situated on a gradient. 

890. Method of Arriving at the Probable Coat of Bqpairing Soad& 
— In estimating the annual expenditure for steam road-rolling operations, it 
is desirable to make out a proper statement which should necessarily 
include the different items involved, from the time the material is quarried 
till it is consolidated on the road. By this means the actual cost of repair- 
ing any section of road can be ascertained, and valuable information is 
afforded for future reference and comparison. In the following particulars 
it is the intention to give all the details necessary for framing an estimate 
for such work, on any length of road or section thereof. 

To illustrate this, let the length of road A B, fig. 120, taken from actufd 
practice, be the section requiring repairs; the position of the quarries is 
represented at b and c. 

As already pointed out, the cost of quarrying the material may vary 
within certain limits, partly owing to the nature of the rock, but mainly 
to the thickness of the stripping or tirring. Under ordinary circumstances, 
the inclusive cost of this may be put down at 7|d. per ton of rock sledged, 
ready to be wheeled to the breaking machine. The items for breaking and 
rolling must of necessity vary according to the size of metalling required, 
the capacity of the roller employed, and the available supply of water for 
carrying on the work of consolidation. 

For the road under consideration the breaking of the macadam, includ- 
ing wheeling the rough material to the machine, and all other incidental 
expenses, may be taken at Is. per ton, while the consolidation of the 
metalling, including 2d. per ton for spreading the coating, may be safely 
put down at 8|d. per ton. The following is a summary of these items. 
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tablb xxxvir. 

Pence per ton. 
Qnanying, including stripping and aledging, . . . . 7*5* 

Breaking, 12*0* 

Rolling, including spreading the macadam, team labour for wuter 

supply, sweepers, etc., 8 '5 

28-0 
or 2s. 4d. per ton consolidated. 

The hauling of the material will, of course, yary according to the dia 
tance conveyed^ and the nature of the service roads traversed. 

The contract price for the section A d, in fig. 120, was 7|d. per ton- 
mile, the thickness of the metalling applied being approximately uniform 
throughout the section ; therefore the average cost on the length of road 
A d ia taken as midway between these points. This average distance is made 
up as follows: 

Distance from quarry b to point d=: 2*0 miles. 

„ „ rftoA = limile8-s-2= 0-66 „ 

Average distance, . . . 2*56 ,, 

This at 7|d. per ton-mile is 19-84d., which, added to the total of the other 
itemp, amounts to slightly under 4s. per ton. 

The next matter to be considered is the quantity of metalling required 
to coat a road 18 feet wide to the average thickness of 4 inches. A cubic 
yard of macadam spread to an assumed thickness of 1 inch will cover 36 
square yards of surface, and as a ton of metalling is one-ninth less bulky, 
one ton of road metal of a similar thickness will cover 32 square yards. 

From this latter figure it is an easy matter to determine how many 
square yards of surface one ton of metalling should cover when the depth 
of the coating is stated. 

In the present case it is 4 inches ; consequently one ton will cover an 
area of 8 square yards. The area forming the section of road A d, is 
ascertained in the usual manner, and will be found to contain 11,832 square 
yards, which, divided by 8, gives the quantity of metalling required, 
namely, 1479 tons. The cost of carrying out the work is calculated by 
taking the latter figure at the price per ton for the inclusive operations, 
or 4s. ; hence £295, IBs. is the cost for repairing this section of road 
extending to 1^ miles. 

The second section of road to be repaired from the quarry &, extends to a 
point between d and e, This must be determined previous to commencing 
operations, for, should the distance be taken as midway between these 

* These figures sre purposely made high so a4 to cover all dbutingencies which may 
arise, the actual cost being generally about 8 per cent less, as pointed out in the 
chspters on '* Quarrying and Breaking." 
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points, the cost of haulage would, in the case of materials carted from tlie 
quarry Z>, amount to 19*38d. per ton, while that conveyed from the qoany 
c, would be 22 '5d. per ton. To equalize the price for haulage from these two 
quarries, it is necessary to fix the point on this section of road where the coet 
of carting will be the same from either. This may be found by calculation. 

The half-distance between the two quarries along the road is 2^ miles, 
but as the cost of haulage from the quarry c to this point is 1^. more per 
ton-mile than from the quarry h, it is evident that the point where the 
material from either quarry should join will be nearer e. The price for 
haulage is approximately 20*94d., being the mean between the prices from 
the two quarries at the half-distance. This figure divided by the prices per 
ton-mile from the quarries b and c respectively, will give the assumed pointy 
thus: (1) 20*94 -=-9d. equals 2*327 miles, and (2) 20*94 -r7fd. equals 
2*702 miles. On examination, however, it is found that the total distance 
is too great by 0029 of a mile ; to obtain the actual distance to the dividing 
line it is only necessary to deduct the half of the fractional part ('0145} from 
each assumed distance in order to arrive at the final result. Thus : 2*702 - 
0*0145 equals 2*6875 miles, and 2*327-00145 equals 2*3125. The dis- 
tance from quarry b is therefore 2*69, and from c 2*31 miles. The distance 
along the section of road dels determined by these figures, being 1214 yards 
from d towards e, and 546 yards from e in the direction of d. 

Had the half-distance along the road between the points d and e been 
adopted as the dividing line, overlapping would have resulted, and the cost 
of the work would therefore have been unnecessarily increased, by reason of 
the extra haulage. Taking the cost of quarrying, breaking, and rolling as 
before — namely, 28. 4d. per ton — an additional sum will have to be added, 
as this section of the road is to be scarified and re-formed. 

The cost of scarifying 3 inches deep may be taken at y^^^th of a penny; to 
this has to be added a sum sufficient to cover the expense of raking the 
material into proper contour and breaking any large stones which may be in 
the old coating. This is generally equal to about Jd. per square yard, 
consequently these items together amount to 0*22d. per square yard. 

The haulage from the quarry b to the section of road d towards e is made 
up of the distances, 2 miles from quarry to 62 -h half the distance to divid- 
ing line, which equals '345, or a total of 2 345 miles. This average mileage 
at 7fd. amounts to 18*17d. per ton. 

Summarizing these items, the total price per ton for the whole operation 
on the portion of the section of road from d towards e is obtained. 

Qaarrying, breaking, and rolling, . . » 2S*00 per ton. 

Scarirying, forming, etc., 0'22d. per sq. yard x 14, . 8*08 „ 

Haulage, . • • . • . 18*17 „ 

Pence, 49*25 „ 
or 48. IJd. per ton conaolidated. ^^.^ 
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The length of the road to be supplied from the quarry 5 is 1214 lineal 
jards, and as 1 ton of metalling spread close will (according to the rule) 
•cover 14 square yards of road, the quantity of metal required is found to be 
404 tons. The total cost of this quantity of metalling, at the price given 
above, is £82, 18s. Id, The remaining portion of this section, extending 
to 546 lineal yards, is arrived at in a similar manner, the quantity of 
material being 182 tons. 

The price per ton for all these items, except the haulage, is the same as 
in the previous case, namely, 3l'08d. The conveying of the metal a dis- 
tance of 2 miles + ^ of 0'31 miles, or 2*16 miles, at 9d. per ton, costs 
19'40d., which is an inclusive price of 50 48d., or 4s. 2^d. per ton consoli- 
xlated. The portion of this section, therefore, will cost £38, 5s. lid., or a 
total for the section of road between d and e of £121, 4s. 

The other sections, e to / and / to B, are proceeded with in the same 
manner as section d e, the dividing line on the former portion being 
•distant 1073 lineal yards from e, while the distance from the dividing line 
to /is 2235 lineal yards. 

Having thus ascertained the point on the road at which the metalling 
-from the respective quarries b and c should join, so as to equalize the price 
{or haulage, the cost of the whole work can be estimated. 

As the old metalling on this portion of the road contained a considerable 
amount of small stuff and detritus, it was decided to scarify and screen the 
material before applying the new coat of road metal. The scarifying, taking 
it at O'lOd. per square yard, will, allowing 11 square yards for 1 ton of 
macadam 3 inches thick, cost 1*1 Od. The screening, including repairs to 
iools^ may be easily performed for 0'27d. per square yard ; this is 3d. per ton, 
•calculated on the material which is to form the new coating, making an 
inclusive price for this work of 4'lOd. per ton. Therefore, taking the cost of 
quarrying, breaking, and rolling as already stated, the total cost is 32*1 Od. 

The average cost for haulage on the portion of the road nearest d, at 9d. 
per ton-mile, is 20'75d. per ton, which, added to the previous items, amounts 
to 52'85d., or 4& 5d. per ton of metalling consolidated. The quantity of 
material required for this portion of the road is, for a width of 18 feet, 586 
tons, and the cost £129, Ss. 2d. The remaining portion of this section, 
•extending to 2235 lineal yards, requires 1219 tons to form a coat 3 inches 
-thick and 18 feet wide. The average cost for haulage on this portion of the 
ruad is 18'52d. per ton, which, added to the other items, gives 50*6 2d«, or 
4s. 2|d., as the cost per ton of macadam consolidated. 

The expenditure for repairs on this part of the road is therefore £257, 
15s. 4d. 

In regard to the last section of road / B, the dividing line is easily 
arrived at, being the half-distance between the points / and B. This 
averages 2*25 miles from the quarry c, which, at 7|d. per ton-mile, amounts 
to an average cost of 17'44d. per ton. 
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Tabu 



Division from A. 



County of ; 

Probable Estimate of Road Rolling, 
..toB 



Mileage of 

Rood to be 

BoUed. 



Miles 
112 



0-69 



0-81 



0-61 



1-27 



1-00 



5*00 



Description of Boad. 



Fronii etc., A tod, 



From, etc., d to dividing 
line in direction of C, 



From, etc., dividing line 
to^. 



From, etc., e to dividing 
line in direction of/, 



Name of Quarry 

from which the 

Material is to be 

taken. 



From, etc., dividing line to/, 



From, etc.,/toB, 



Cost for Qaarrjing, Breaking, 
Scarifying, and Boiling. 



Quarrying, 
Breaking, . 
Rolling, . 



Pence, 



7-60 

12-00 

8-50 

28-00 



Quarrying; . , .7*50 
Breaking, .... 12O0 
Scarifying and forming 

0-22d.xl4, ... 3-08 
Boiling, .... 8*50 



Pence, • 



Sl<» 



Quarrying, etc., same as 

above, .... SlUS 



Quarrying, . . .7*50 

Breaking 12-00 

Scarifying, 0*10 x 11 =110 

+screeniDg=3-0, . . 4'10 
Boiling, .... 8-50 



Pence, 



8210 



Quarrying, . . . 7"60 
Breaking, . . 12^ 

Scarifying, 010x11=1 -10 

+8creening=3'0, . .4-10 
BoUiDg, .... 8-50 



Pence, 



32*10 



Quarrying, . . .7*50 
Breaking, . .12-00 

Scarifying, 010x8=0*80 

+Bcreening=8'00, . 3*80 
Boiling, .... 8*50 



Pence, 



81-60 



NOTB. — One ton of metalling 1 in. thick covers 82 square yards* 
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XXXVIII. 

District or Division, 
eta, for Year 1898^1899. 



Haulage 

per ton-mile, and Total 

Cost per ton. 



2 miles from quarry +| dis- 
tance along road— 2*06 at 
7Jd.3 . . . 19-84) 



Pence, 



28-00 
47-84 



2 miles from ^narry+i dis- 
tance to diTiding lines 0*845 
=2-845 at 7Jd.= . 18-17 J 

81-08 f 



Pence, 



49-25 



2 miles from quarry + ^ distance 
to diyidingline=s -155=2135 
at9d.3 • • 19-40) 

81-08 f 



Pence, 



50-48 



2 miles from quarry + } distance 
to dividingline= -805=2*305 
at9d.= , . 20*75) 

8310 ; 



Pence, . 



52*85 



175 miles from nuarrv-f J dis- 
tance to diyiaing line ='64 



s2-89at7id.3 



Pence, 



18-62 ) 
8210 f 



50-62 



1*75 miles frx>m quarnr-i-i dis- 
tanoe along road = -50 = 
2'26at7Jd.= . 17-44) 

81-80 f 



Pence, 



49-24 



Width of Coating 

and Depth of 

Metalling. 



18 feet wide, 4^ 
thick. 



14 feet wide, one 
stone thick. 



14 feet wide, one 
stone thick. 



18 feet wide, S'' 
thick. 



18 feet wide, 8" 
thick. 



Quantity of 
Metalling re- 
quired in tons. 



1760x1-12 
:1972x6 
=11832 -5-8 



=1479 



1760x0-69 
:1214x4i 
:5665-M4 



=404 



1760x0-31 
: 546x4§ 
:2548-M4 



=182 



1760 X -61 
:1073x6 
: 6488^-11 



=586 



1760x1-27 
2235x6 

:13410-fll 



=1219 



18 feet wide, 4" 
thick. 



1760x1-00 
=1760x6 
=10560-5-8 



=1820 



Price per 
ton con- 
solidated. 



s, d. 



4 



4 IJ 



4 2J 



4 6 



4 2S 



Cost of 

each 

Section. 



£ s, d. 



295 16 



82 18 1 



88 5 11 



129 8 2 



257 15 4 



4 1} 270 17 6 



Total for Division from A to B. 



Total Cost 



£1075 1 
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The depth of fresh metalling on this section was increased by 1 inch to 
give a proportionately greater strength to carry the additional traffic from 
the road towards the quarry c. This affected the cost of scarifying com- 
pared with ttie section ef; one ton of metalling covering an area of 8 square 
yards at a depth of 4 inches, so that the cost of scarifying calculated on 
the new material, 0'80d., and the expense of screening brings this item up 
to 3'80d. per ton. 

The different items summarized amount to 49*24d., or 4s. 1^ per ton 
of metalling consolidated. 

The quantity of material required for a width of 18 feet and of the thick- 
ness mentioned is 1320 tons, which amounts to £270, 17s. 6d. for this sectioiu 

The total cost of repairing the different sections of road from A to B 
amounts to £1075, Is., being at an average rate of £215 per mOe. 

The arrangement and method of calculating the cost of performing the 
work has been given in detail, so that the different items may be easily 
followed; it is usual, however, to make the estimates for this work in a 
tabulated form, which should be preserved for future reference. 

The foregoing form (pp. 282, 283) is that adopted by the author, experience 
having proved the efficiency of the method ; a sketch plan of the roads to 
be repaired should form a part of the arrangement as shown in fig. 120. 

891. Cost of Light Repairs.— The cost of scarifying a road 5 yards 
wide, raking the materials into a proper contour, and rolling, without 
applying any fresh materials, will cost on an average from £25 to £30 per 
mile. It is a very significant fact that, when repairing roads by this means, 
and where the metalling has been consolidated by wheel traffic, owing 
to the excessive quantity of small or exhausted material, a large amount of 
detritus is produced in rolling-in the old material again, which should be 
swept to the sides of the road. In many cases the surplus of soft or useless 
material, beyond that required for binding in connection with refacing the 
surface, amounts to 30 per cent, of the bulk of old metalling operated on. 

This large amount of fine stuff or detritus is accounted for by reason of 
the high proportion of soft to hard material composing the crust of a road 
when the repairs have been carried out by spreading the metalling in 
patches, and allowing it to be consolidated by the wheel traffic. 

It is also augmented by the wear of the material itself, the stones in 
course of time being reduced in size, and pulverized by the abrasion of the 
wheels of vehicles during the process of consolidation. 

On rolled roads, when refaced to improve the surface, where the material 
used has been of a good quality, the amount of detritus is generally 
just sufficient to form a binding during the process of roUing-in the 
metalling. 

In the case of a narrow road when, as too often happens, the traffic keeps 
one track, the surface of the road immediately under the line of the wheels 
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becomes depressed, or is woru hollow. To repair a road in this condition 
it is only necessary to ran two cuts with the scarifying machine on either 
side, and sprinkle some fresh metalling on the loosened portions, and with 
watering and roiling a hard surface is obtained. 

The cost of this work, including metalling at 4s. per ton, is £1 to £10 
per mile. 

892. Old and New Systemfi of Maintenance Compared.— The different 
methods of performing the repairs necessary to maintain a road in good 
condition have been described, and the cost of carrying out the work 
detailed. It is now necessary to make a comparison from a financial point 
of view between the old system of spreading the metal in patches and forcing 
the wheel traffic to consolidate the macadam, and the method of coating to 
a full width long stretches of a road, and consolidating the metalling by 
steam-rolling. 

Three different cases, among many others, taken from the author's- 
experience, and which are typical of what is met with in daily practice, will 
be given of roads under varying conditions of traffic and quality of material 
used for repairs. 

(a) In the first case the road, previous to being rolled, was repaired with* 
a hard siliceous material over which passed a considerable amount of traffic,, 
principally agricultural, and confined practically to a few months during 
the winter season. On an average, spreading the amount of traffic over the 
twelve months it is equal to 4000 tons per yard of width of road per 
annum. This road may be characterised as being situated on easy gradients^ 
with good surface and subsoil drainage — ^in other words, a particularly weU 
laid out road. 

(&) In the second case, the road was repaired with macadam of a highly 
siliceous nature previous to being rolled. It is for the most part compara- 
tively level longitudinally, resting on a stratum of retentive clay; conse- 
quently the drainage is sluggish. The wheel traffic passing over this road 
is equal to 5000 tons per yard of width of road per annum, and is fairly 
well divided between the winter and summer months. 

(c) The third road under review has a gentle undulating surface 

throughout, while the traffic over it is light and principally confined to the- 

summer months. It was repaired with metalling of a nature varying fron^ 

hard and tough to that of a highly siliceous composition. 

(a) The cost of maintaining this road, carried out by patching, taking 

the average annual expenditure per mile over a period of ten years, was as- 

follows : — 

Labour, including spreading the metalling, aiding, scraping, 

cleaning, etc., £24 2 

lietalling (hand broken), 82 1 8 

Total £56 8 8 permilb-. 
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The annoal consumption of macadam was, taking the ayeiage OTer a 
similar period, 140 cubic yards or 155 tons per mile, and the cost of metalling 
deposited in depdts at roadside on an average 4s. 7d. per cubic yard. The 
relative cost of labour and material to the combined expenditore was, 
therefore, 41 per cent, in the case of the former, and 59 per cent in that of 
the latter. 

The roadway la 18 feet wide between the sod borders, but only 15 to 16 
feet of metalling constitutes the road proper. 

A cubic yard of ordinary 2^inch gauge metalling, including the small 
material inseparable from unscreened hand-broken macadam, will cover an 
area of from 27 to 31 square yards according to the proportion of small 
stuff to the maximum eiized stones, but 29 square yards may be taken as an 
average. The number of square yards covered per annum was therefore 
4060, which is nearly one-half of the total area of the surface on one mile of 
road. 

A portion of this road was repaired ten years ago by a continuous coat 
of metalling 14 feet wide and steam-rolled. The material for carrying out 
the repairs was taken from the same quarry ; consequently the quality in 
either case was practically the same. The average thickness of the coating 
was 3 inches, the quantity of metalling applied being 780 tons per mile, or 
five times the annual quantity previously applied on the patching system. 

The cost of carrying out this work, including quarrying, breaking the 
macadam by machine, haulage by team labour and consolidating the 
metalling by steam-rolling, amounted to £156, 14s. 3d. per mile, or nearly 
three times greater than the sum previously expended annually. This is at 
the rate of 4s. per ton of material consolidated. 

The coating, as already stated, averaged 3 inches in thickness and had 
a life of eight years ; it was then found necessary to reface it as the surface 
had become cupped and irregular. 

This was effected by scarifying a width of 12 feet in the centre of the 
road, applying 200 tons of metalling per mile, and rolling; a good hard, 
smooth surface was obtained. 

The refacing cost £42, lOs. per mile. The road is in excellent condition 
at the present time, and, judging by past experience, one is safe to anticipate 
that it will wear for another two years before further repairs are necessary. 

The total cost for repairs up to the present time has thus been 
£199, 48. 3d. per mile, to which sum has to be added the manual labour for 
surface work during these years, such as trimming the borders, cleaning the 
side channels, and scraping. The actual expenditure for this work, on an 
average, amounts to a fraction under £7 j)er mile per annum, which is 
equal to £70 for the ten years this section of road has been rolled, and, 
adding the cost of the first rolling and the refacing, the total is £269, 4s. 3d. 
The annual expenditure during these years has therefore been £20, 12s. lld« 
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per mile, showing a saving on this portion of road of 63 per cent, each 
year. This amount is exclusive of interest on the initial cost of remaking 
the road^ as the saving effected after four years more than compensated 
for this charge. 

(b) The annual expenditure on this road, taken as in the preceding case 
over a similar period, namely, ten years previous to coating and rolling, 
was on an average £74, 18s. 6d. per mile. The quantity of metalling 
Applied each year was 208 cubic yards or 231 tons per mile, the price of 
which, laid down in dep6ts at the road-side, was 4s. lid. per cubic yard. 
The respective figures for maintenance per mile per annum were as 
follows : — 

Labour, etc, £24 

Metalling, 60 18 6 

Total, £74 18 6 

These two items, therefore, bore a proportion to the combined cost of 
68 i)er cent for road metal, and 32 per cent, for manual labour. 

The width of the roadway varies from 15 to 18 feet, while 16 feet 
may be taken as representing the average width, so that with the quantity 
of metalling stated, fully 64 per cent, of road surface was coated each year. 

This road was repaired and steam-rolled five years ago; the actual 
quantity of metalling applied was 826 tons per mile, which is an average 
thickness of 3 inches for a width of 15 feet. 

It will thus be seen that, for continuous coating and rolling operations, 
the quantity of metalling applied was equal to nearly 3f times the annual 
supply found sufiScient to keep the surface of the road in good repair. 

The quality of the material forming the coating to be steam-rolled was 
not equal to that which was formerly applied for patching. 

The quarry from which the material was usually procured for repairing 
this road is situated six miles distant, and the transport could only be 
done by team-work. It was, therefore, decided to obtain the metalling 
from some other source as a matter of economy in first cost, but, as will 
be shown later, this was an unfortunate arrangement, having regard to the 
cost and the ultimate wearing capacity of the macadam used. The material 
used was brought ten miles by rail and broken by the machine at a railway 
dep6t within 1| miles of the road to be remade. 

The cost of coating and rolling this road, including freight and all other 
charges, was £213, ISs. per mile, or nearly three times as much as the 
previous annual expenditure. Owing, however, to the metalling not 
being of so durable a nature as that formerly employed for repairs by 
patching, the surface of the load became irregular or cupped three years 
after being repaired. It was considered necessary to scarify and to apply a 
eoat of metalling after the material used in the first repairs had served for 
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four and a half years. This re-facing cost £91, 3s. 7d., while the quantity 
of macadam applied was 266 tons per mile. The inclusive cost for tho^ 
two operations was therefore £305, Is. 7d. per mile of road repaired. 

At the present time the surface of the road is becoming so much cupped 
that it will be necessary to thoroughly repair it in the course of a year or- 
tw0| by scarifying and screening the old material, applying a fresh coat of 
metalling of a more durable nature, and rolling so as to bring about a more- 
satisfactory state of matters. 

The quantity of road metal, therefore, which has been applied for con«- 
solidation, being 1036 tons per mile, and assuming the time mentioned as 
that when further repairs will probably have to be carried out, the road wiU 
have had a life of only six years. 

It has consequently cost besides interest £50, 16s. lid. per mile per 
annum for metalling aud rolling, to which sum has to be added £17, 5s., 
being the actual amount expended for surface labour, or a total of £68, 
Is. lid. per mile per annum. This amount, even under the adverse circum- 
stances mentioned, shows a saving for this method of executing repairs of & 
per cent, over the patching system of maintaining roada Had a more suit- 
able material been employed in the first instance, the probability is that 
the surface of the road would have withstood the wear of the wheel traffic 
for as long a time as the combined operations have lasted. It would also, 
it is confidently assumed, have' been the means of greatly reducing th& 
ultimate total amount of expenditure incurred. 

(e) In the third case referred to, the wheel traffic was of a light descrip* 
tion and principally confined to the touring months in summer, the 
annual consumption of metalling, which was of a good quality, being on an 
average for a similar period as in the preceding cases 35 cubic yards or 
39 tons per mile per annum, while the actual expenditure on maintenance 
for a like distance and time was £13, 15s. 6d. 

The proportion of the material and labour to the combined cost was 51 
per cent for the former, aud 49 per cent, for the latter, the price of the- 
macadam being 4s. per cubic yard deposited in dep6ts at the road-side. 

This line of road, over ten miles long, was coated with metalling and 
rolled ten years ago, and re-surfaced three years since, so that the first coat* 
ing, a light one, and rolling had a life of seven years. The quantity of 
material then applied for rolling was 350 tons per mile, or equal to nine 
times the average annual supply previously used for repairs. 

The actual cost of supplying the metalling from three different quarries- 
which were situated within easy distance of the main road, and rolling, was 
£62 per mile. The metalling and rolling was thus equal to £8, 17s, 2d. per 
mile per annum, and adding the expenditure actually incurred for manual 
labour in dressing borders, scraping, etc., amounting to £3, 15s., made a 
total of £12, 128. 2d. per mile per annum. This shows an apparent saving 
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of 8 per cent, on the previous annual expenditure, but as an allowance must 
be made in this case for interest on the initial cost of rolling, the actual 
saving is only 4 per cent. The reduction of expenditure, although small, 
combined with the indirect saving to horses and vehicles by reason of the 
hard and smooth surface which the road presents all the year round, is a 
distinct advantage. It is also a sufficient plea for carrying out rolling 
operations even when the annual consumption of materials for repairs, by 
the old or patching system, only amounts to 35 cubic yards per mile of 
road. 

893. OoDclusionB anived at from the preceding OomparisoDS. — From 
the particulars stated in the preceding paragraphs, referring to the cost of 
repairs on existing roads under different conditions, it is evident that main* 
taining them on the principles advocated, namely, obtaining the materials 
and performing the work by the use of modem mechanical appliances, spread- 
ing the metalling in continuous coatings and steam-rolling, provides a road 
not only uniform and smooth, but one which is equally good and service- 
able at all times. The comparative absence of loose stones, dust in dry 
weather, and mud after a fall of rain, greatly reduces the tractive efforts 
required by horses hauling loads, and these conditions are of considerable 
moment to all who have occasion to use the highways. The economy 
of the methods of working enumerated in the preceding chapters (the 
results of which have been pointed out in detail) are, the author con- 
aiders, conclusive, even on roads where the necessary annual outlay or 
the quantity of metalling used on the patching system is relatively smalL 
When these methods of repairing roads are more fully appreciated, the 
system of laying isolated patches of metal and compelling the traffic to con- 
solidate them, a system which is so well known, so largely practised at the 
present time, aiid so expensive and unsatisfactory in its results, will be 
discarded entirely for the more modern methods of consolidating the material 
by the aid of steam rollers only. Fig. 121 illustrates Aveling & Porter's 
most recent design of their 15-ton compound road-roller. 

394. The difference in first cost, compared with the ultimate economy 
and success of the work, by using a suitable class of material, compared with 
that of employing an inferior class of stones obtained locally, warrants most 
careful consideration. Experience has proved that the cheapest material 
is not always to be recommended, as quality, although involving greater cost 
by reason of the longer haulage, is of more importance ; and the ultimate 
durability and economy of maintenance may be secured by employing only 
the best material which can be procured. 

395. Surfacing Boads. — The manual labour in connection with the 
maintenance of the surface of a road consists of scraping the surface during 
wet weather, siding, cleaning side and outlet channels, repairing footpaths, 
etc., the labour connected with which is augmented when the material for 

T 
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repairs is spread in patches to be consolidated by the wheel traffic, and 
gathering loose stones daring dry weather. 

The cost of these two latter items amoants to on an ayerage Is. 3d. per 
cabic yard in cases where over 50 cubic yards are applied per mUe per 
annum, to Is. 6d., when the average quantity is under that stated. These 
figures are, however, at times considerably augmented under abuormal 
conditions of weather and other causes. 

The annual cost of manual labour per mile in the three instances already 
detailed, previous to the roads being repaired by continuous coatings of 
metal and steam-rolled, and the subsequent actual expenditure for surface 
work, may be here tabulated. 

Tablb XXXIX. 

Road a (1) Manual labour or sorfaoe work when the road was repaired by 

applying metal patches, £24 2 

,, ,, (2) Do. do. subsequent to the road being repaired by continu- 

ous coatings of metal and steam-rolled, .... 700 

Diflference, £17 2 

Road^Cl) Do. do £24 

„ „(2) Do. do 17 5 

Difference £6 15 

Road c (1) Do. do £6 15 

„ „ (2) Do. do 3 15 

Difference, £8 

The difference in cost for surface work on these roads amounts to 50 per 
cent, which represents a saving in the subsequent maintenance in favour of 
rolled roads. 

896. From the foregoing figures (which are taken from actual practice) it 
is obvious that the greater the quantity of material necessarily employed to 
maintain a road in a satisfactory condition, or in other words, where the 
exigencies of the traffic demand a large quantity of metalling, the process 
of rolling compared with traffic-consolidated roads, clearly shows most 
decided economical results. The indirect saving must also amount to a 
considerable sum, in each year, in the reduced damage caused to horses, 
vehicles, and harness. 

397. Subsequent Labour on Rolled Eoads. — ^The manual labour on 
rolled roads, that is, when considerable stretches are thus repaired at one 
time, is made up of trimming the sides, cleaning side channels and water 
tables, opening outlets, ditching, and occasionally scraping the surface of 
the roads during wet weather. The length of section of a load which one 
foreman surfaceman, with occasional assistance, can properly look after 
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when the roads aie repaired in patches, depends on the quantity of material 
applied each year and the situation of the road. Where the annual con- 
sumption of metalling is from 200 to 300 cubic yards per mile, one fore- 
man can generally attend to 3 miles of road, receiving assistance when 
spreading the macadam and in scraping the surface during inclement 
weather. The length of section may be increased to 5 or 6 miles when 
the annual consumption of materials is about 40 cubic yards per mila On 
rolled roads where the repairs are carried out on the continuous coating 
principle, the length of the section under the charge of one foreman can 
be extended to 6 or 8 miles when it is made up of portions of different 
roads lying in convenient proximity to each other. The foreman should be 
constantly employed on his section of road during the winter months and 
in wet weather, but during the summer months his services, not being 
required in most cases for surface work, may be available in connection 
with the rolling or breaking operations — an occasional visit, especially after 
a rain-storm, being all that is necessary under these improved conditions 
in summer. The loose stones requiring to be removed from the road 
surface during dry weather when the repairs are carried out on the 
patching system, unless consolidated by the steam-roller, occupy the 
roadmen's time to a considerable extent. On roads which have been 
efficiently rolled, loose stones are the exception ; indeed many roads require 
no expense whatever in respect of this. 

898. Tools required for Sur£BM!e Work. — The tools which each fore- 
man roadman should have, are a shovel, spade, line and reel, pickaxe, barrow 
and a hand-machioe scraper, extra spades and shovels being necessary when 
casual labour is employed. The spirit-level and boning-rods formerly used 
by the ordinary roadmen are now employed only by the foreman in con- 
nection with the loUing operations. These are even dispensed with when a 
thoroughly experienced man is in charge of the work, except in forming new 
water tables or channels, a good eye being in most cases a sufficient guide 
in carrying out the work. 

A hand-scraping machine should be provided on every roadman's section, 
and when the extent of the roads looked after by one man exceeds 4 or 5 
miles, or the exigencies of the traffic and situation of the road demand it, 
two or more machines should be provided. 

These machines, although not intended for constant use on rolled roads, 
supplement the work done on certain portions of it by the horse-scraping 
and sweeping machines. On a road which is repaired on the patching 
system, or when the surface of a road becomes cupped through irregular 
wear, the hand-scraper is the only form of machine that can be advantage- 
ously employed. 

To ntftinfAin a road in a good and hard condition it is necessary to remove 
' the detritus resulting from the wear of the metalling. This is generally 
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in the form of mud ; although dust is sometimes lemoved from the roads, 
bat this is only practised to a limited extent. 

To be a substantial advantage the scraping of mud off the road should 
be done promptly when the weather la favourable for the work. 

The detritus being on the surface of the road and increasing in quantity 
during wet weather, evaporation is prevented and considerable damage ia 
caused to the crust of a road in the event of a sudden thaw succeeding frost. 
The weather during the winter months is generally so changeable that 
continuous or extensive operations with the hand-scraping machine are 
limited. 

It is veiy desirable, not only for those making use of the roads, bat 
also for the benefit of the road itself, that any mud formed on the surface 
should be immediately removed by scraping or sweeping. 

The short working day inseparable from the time of the year when 
these operations are carried out does not admit of much work being per- 
formed, while to employ extra men specially would incur a considerable 
expenditure. 

899. Horse-Scraping and Sweeping Machines. — A long stretch of road 
is cleaned in the shortest possible time by employing horse-scraping and 
sweeping machines. The former is used when the mud or detritus is in a 
sticky condition, while the latter is employed when the mud is in a liquid 
or semi-liquid state. 

These machines are constructed so that the scrapers or brushes are 
mounted on the framework oblique to the direction in which they are 
drawn ; they clean a track about 6 feet in width, and the mud is deposited 
at the sides of the road. The framework is a combination of oak and 
wrought iron, the shafts being made of ash, while the wheels in the case of 
the sweeping machine are made with iron naves, oak spokes, and asb 
felloes. The wheels of the scraping machines are made of wrought iron ; 
they are 3 feet 9 inches in diameter, while those of the scraping machine 
are 4 feet 9 inches. 

The hoes or shoes of the scraper are made of cast iron and can be easily 
renewed, means being provided for regulating the tension of the springs so 
as to give them the desired pressure on the road. The sweeping machine 
is provided with double clutch gearing which imparts the motion to the cir- 
cular brushes. They are provided with a driver's seat, and the levers for 
manipulating the mechanism are within easy reach, avoiding the necessity 
of the mau dismounting or even stopping the horse while working the 
machines. Oil-cups properly protected with lids are provided for lubricat- 
ing the working parts. 

To minimize the scraping of roads during the winter months when the 
working days are of short duration, it is advisable to make use of eveiy 
opportunity during the autumn and the beginning of winter for scraping 
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the sor&ce of the roads and cleaning out water tables, side channels, and 
ditches. 

iOO. Alternating frost and thaw will at times frustrate the best regu- 
lated system of maintaining roads, and it is only by exercising patience, and 
making use of the appliances at hand at the proper time, that the best 
resnlts will be attained under these circumstances. In cases where the 
humidity of the atmosphere, in the absence of rain, causes the mud to 
become very sticky, great difficulty is experienced in removing the detritus 
from off the roads. Under such circumstances it is advisable, where a supply 
of water can be obtained, to water the surface copiously, and then commence 
scraping with the horse machine. 

In cases where the mud, even with this treatment, remains sticky, the 
author has obtained good results from watering the road and working the 
road-roller over the surface ; by this means the thick mud is converted into 
a semi-fluid state, when it can be easily removed by the horse-scraping or 
sweeping machine. 

The road scrapings should be removed from the water tables imme- 
diately after being deposited there by the scraping or sweeping machines, or, 
when iu a semi-liquid state, as soon as they are in a condition to be 
shovelled, so as to admit of the surface water draining freely into the side 
channels. 

Scraping should not be attempted immediately after a thaw succeeding 
frost, as the surface of the road is then tender, and the stones are easily 
displaced. 

iOl. Amount and Cost of Work which can be performed with Hand 
and Horse-Scraping Machines. — The cost of scraping a road with a hand 
machine will, of course, depend greatly on the amount of detritus to be 
removed and its conditiou. When in a soft or pliable state, and from 
I to f inch thick, one man can, ou a road of about 5 to 6 yards wide, 
thoroughly scrape about one-fourth of a mile in a day, being equal to an 
area of 2200 square yards, or nearly half an acre. 

This is, under the conditions stated, at the rate of 12s. per mile of road« 
The cost of performing the operation with a horse-scraping machine on a 
similar length and width of road, including repairs and depreciation, is on 
an average 2s. to 38., depending on the thickness and condition of the 
mud. 

The length of road which can be scraped in one day of seven hours with 
a horse machine may be taken at 3 miles, where the width is such as to 
require from four to six passages of the scraper. The work which can be 
performed with a horse-scraping machine is, taking the exigencies of the 
traffic into consideration, on an average about 4500 square yards per 

hour. 

The extent of surface which can be cleaned in one day with a horse- 
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sweeping machine may be taken at about 50 per cent, more than that which 
can be cleaned with a horse-scraper or about 4| miles of road of an average 
' width of 16 feet. 

402. First Cost of Hand and Horse-Scraping Machines, and Bepain. 
— ^The first cost of a hand-scraping machine of the usual type, mounted on 
iron wheels with steel hoes or shoes, is from £3 to £4, and the number 
required in country districts is on an average one for eveiy 3 or 4 miles 
of road. 

A horse-scraper of the class described, and constructed by the Messrs. 
Wadsworth, Halifax, costs from £19 to £24. The renewals are confined 
principally to the hoes or shoes, which wear unequally, necessitating their 
position being rearranged occasionally, and practically renewed every three 
or four years according to the amount of work performed. A complete aet 
of these scrapers or shoes, twenty-seven in number, costs 35s., including 
time for fixing them on the machine. 

The cost of a horse-sweeping machine varies from £30 to £35, the 
wearing parts being more numerous than those of a horse-scraper. The 
bass of the revolving brushes requires renewing periodically as it is 
worn out On an average a new set will be required after sweeping a 
stretch of 400 miles. The cost of refilling the brushes with the best pure 
Bahia bass mixed with African weed is £2, 2s. 6d., and an equal mixture 
of these gives the best wearing results. 

The chain belt, bearings of brush shaft, brush shaft ends, and knuckle 
joints require renewing after working about 4000 hours. The cost for 
these renewals is about 28. per day of nine hours. 

These machines, unlike the hand-scrapers, are operated in the direction 
of and from the centre to the sides of the road. They are used so as to 
work in suitable lengths along a road, the mechanism being thrown out of 
gear when turning, the mud is delivered at the left-hand side of the machine, 
and by repeated passages the whole surface is cleaned. 

The author has found the machines described in the preceding para- 
graphs of great assistance, especially when the roads are rolled ; being light 
they can be drawn by one horse ; they are durable and easily manipulated. 

On an average one horse-scraper and one horse-sweeping machine are 
sufficient to keep the surface of 100 miles of road clean, provided they 
are 'stabled' centrally in the district where it is intended to use them. 
The work may have to be supplemented, however, by hand-scraping on 
isolated portions of a road which are badly situated, or where hedges or 
close fences obstruct the sun and wind, and hinder the road from drying. 
iOS. Boad-Edge Dressing Machine. — This machine, which has recently 
been introduced, is the invention of the County Boad Surveyor of Elgin. 
It is attached to a road-roUer or engine, and is intended to supersede the 
various kinds of ploughs and other contrivances drawn by animal power. 
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which haye been devised from time to time. The machine can pare or dress 
the edges of public roads ; the portion trimmed at one operation may vary 
from 6 inches to 30 inches in breadth, while it can be adjusted to cut from 
1 inch to 10 inches in depth. 

Besides having a suitable framework it is made up of a revolving cutting 
steel wheel, 2 feet in diameter, which acts in a vertical direction on the turf 
border to be dressed. The horizontal cutting is performed by a set of 
blades or cutting tools; the whole apparatus being regulated by suitable 
gearing, controlled by a man operating two handles placed od the platform 
at the rear end of the engine. The edge-dressing machine is attached to an 
engine or road-roller, as shown in fig. 122, one of the driving-wheels of 
which acts as the leading wheel of the machine, so as to give it rigidity for 
steering and sufficient pressure when at work. Parallel sights are fixed on 
the engine to guide the driver in preserving a regular course. 

The loosened materials are left in a continuous heap along the edge of 
the road and can be disposed of according to circumstances. It is a very 
efficient machine and does excellent work ; it is capable of cutting tree roots 
of moderate size, rank vegetation, and of penetrating stony ground. 

It IB stated that by the use of this machine, attached to a six horse- 
power engine, 15 to 18 miles of road can be pared in one week, including 
the usual stoppages and changing from one part of a district to another. 

It may be worked by an engine hired for the purpose, but is generally 
attached to a road-roller, thus utilizing the spare time should the amount of 
rolling be insufficient to so employ it all the year round. 

The cost of paring a road-side by the machine is 7s. to 10s. per mile 
compared with £2 to £4 by hand labour. The price of this road-edge 
cutting machine fitted on to an engine or road-roller is about £90. 

404. Engine and Store Shed. — ^In a county or district possessing a road 
maintenance plant, comprising roller, road-engine, stone-breaker, rock drill, 
sweeping and scraping machines, a shed is necessary to stable the different 
machines when not in use or when under repair. The shed should be com- 
modious but not unnecessarily large, and have sufficient, headway to admit of 
the free passage of the engines. 

One side may be occupied by a working bench with vice, etc., for carry- 
ing out small repairs, storage for new tools, and a suitable arrangement for 
placing the oil casks in position. On the other side of the shed the india- 
rubber tubing, iron pipes, drill steels, etc., can be stored clear of the ground. 
A stove fixed at one end is a great convenience in many ways. It is 
advisable to have adjoining the shed for storing drain pipes and other 
material, a small piece of ground, and which can also be utilized for stabling 
the plant temporarily. 

A shed to accommodate all the plant used in connection with a district 
extending from 100 to 200 miles of road will be best served by making it 
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about 60 feet long and 25 feet wide ; a croea-section of such a abed is shown 
in fig. 123. 

The columns or standards are generally made of channel iron or H- 
section fixed at their lower ends in a concrete block, and having the top part' 
bolted to an angle iron run round the whole erection. 

The doors, 12 feet wide, are arranged to slide by means of wheels on a 
T«iron fixed to the framework. The roof is made up of T-iron principals, 
having struts and ties, placed over the standards and fixed to the angle iron 
by means of a gusset-plate. 

The covering is usually of corrugated iron, and of No. 20 B. W.6. fixed to 
angle-iron runners on sides of shed, and to the T-irons of the roof principals 
or to purlins. The sheets should be properly lapped, and secured with bolts, 
washers, and nuts. It is desirable to have as much light as possible 
admitted to the interior of the shed, and for this purpose windows are fixed 
either in a continuous manner, or detached, on either side of ^ the shed to the 
framework. BooMights should also be introduced at convenient points. 

A space at the apex of the principals is left open for ventilation, and a 
hood erected over it to prevent the ingress of rain or snow. 

The appearance of the erection is greatly improved, and the corrugated 
iron, although galvanized, is preserved by being painted. 

405. Cost of Erecting an Engine Shed. — The cost of erecting a shed of 
the dimensions given, and of the materials described, may vary from Is. 6d. 
to Is. 9d. per square foot of area occupied, or from £120 to J&130, with an 
additional £5 for erecting benches and other internal fittings. It is advis- 
able to enclose the ground occupied by erecting a fence, the cost of which 
is not included in the figures given. 

106. In addition to having a central shed, small sheds or huts should be 
erected at convenient points throughout the district, for keeping those of the 
roadmen's tools which are not in daily use. They are also very convenient 
for storing coals in connection with rolling operations, as in many districts the 
sources of supply or the railway depdts are situated at a considerable distance ; 
in many instances they will save considerable inconvenience and loss of time. 

If these huts are made of a sufficient size a considerable quantity of fuel 
can be stored, to supply the requirements in case of emergency. They need 
not be expensive erections, and may be made either of old railway sleepers 
or with wood posts, and covered with corrugated iron sheets, at an outlay of 
from £S to £12. 

407. Purchasing Tools and General Stores.— The purchasing of tools, 
oils, coals, blasting explosives, and detonators, demands careful attention. 
If the workmen's tools are obtained locally and in small lots, owing to the 
want of a proper place to store them, it is evident that the cost of procuring 
these articles is greatly increased, beyond what would be that of purchasing 
in large quantities for one or two years' requirements. The supplying of the 
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neeessarj tools and stores bj contract, and delivering them at one or more 
convenient points in a district, tend to promote economy, and the saving 
effected in two or three years will be sufficient to pay for the expenditure 
incurred in erecting sheds and huts for this purpose. 

The month of January is the most suitable and generally the most 
economical time to purchase tools, oils, etc. ; while the contract for supplying 
coals for the rollers and road-engines should be made in the month of 
March each year. 

In the author's experience the saving effected by purchasing the different 
articles by contract annually has been 33 per cent., compared with the 
system formerly practised of procuring the tools and other stores as necessity 
arose. 

408. Bulee and Begulations for the Ouidanoe of Soadmen.— Printed 
rales and regulations should be issued for the guidance of roadmen as to 
the hours of labour during the summer and winter months, the procedure to 
be followed in the event of a breakdown or failure of any of the subsidiary 
works, such as drains, culverts, bridges, embankments, etc., and the arrange- 
ments necessary to cope with a fall of snow. 

These need not be of a voluminous nature, as long rules only lead to 
confusion, and are in most cases of little practical advantage ; efficient 8upe^ 
vision IB the only way to attain the maximum results. 

The regulations for the Cantonniers on the national roads in France are 
of a very comprehensive nature, but, apart from these, the supervision is 
carried out in a thoroughly systematic manner. 

On roads which have been rolled, the surfaceman's work is principally 
confined to siding, cleaning out channels and ditches, repairing footpaths and 
occasional scraping, while his services may be reqoisitioned during the 
summer months at the quarrying, breaking, or rolling operations. It is not 
advisable to perform the work of surfacing by contract ; and as the road fore- 
men and casual labourers are paid by day's wages, the division of roads into 
lengths makes it easy to compare one man's work with another's when a 
system of close superintendence is carried out. 

In districts where a fall of snow generally takes place each winter it is 
necessary to provide snow-ploughs to effect such a clearance as will facilitate 
travelling. These consist of planks fastened together in the shape of a V, 
22 inches deep and shod with an angle iron on the lower edge and ^inch iron 
plates at the apex, properly stayed in the centre and outer ends, with pro- 
vision in front for attaching the means for hauling it by horses. The usual 
sice made is from 10 to 12 feet long and 8 feet wide at the extreme end. 
These are of little use in heavy drifts, which must be cut through by the 
roadmen with the assistance of extra hands when necessary. 

409. Footpaths. — Footpaths alongside roads leading from one town or 
village to another are of considerable public importance, and require to be 
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kept in an efficient state of repair. Thej should be formed of hard materials 
affording perfect drainage and finished with fine gravel, furnace cinders, or 
screenings from the breaking machine. In populous places it is advisable 
to form footpaths of a much more permanent and satisfactory nature, for 
which purpose tar concrete and similar suitable materials are made use of. 
The object to be attained is to make a perfectly dry and serviceable path 
during wet weather, when other parts of the roadway may be in a sloppy 
condition. 

410. Milestones and Direction Boards. —Milestones indicating the 
distance between important towns generally exist on most of the main 
roads in Britain. These are now supplemented by guide or direction boards 
fixed to posts and placed at all important points, such as where one road 
branches off, or where one road intersects another. These may be made 
with one or more arms on which the mileage to villages and towns on either 
side is indicated, while in some instances the elevation of the road above 
sea-level is also added. 

411. Annual Estimates and Actual Expenditure of Boad Bepairs. — 
The annual estimates of the cost of road maintenance should be made in 
detail, showing the allocation of the metalling, the number of cubic yards or 
tons per mile of road, the price per cubic yard or ton, the cost of manual 
labour, rolling, and any miscellaneous expenditure, such as bridge and 
culvert repairs, tools, etc, with the total cost on each section of road. 

The actual expenditure incurred should be recorded in detail under the 
separate heads of metalling, road-rolling, labour, bridges, culverts and drains, 
tools and sundiy items. This may be kept in the form of a diagram 
showing the cost of the different items of work carried out each year, while 
the total expenditure, including all these items, should be tabulated on a 
separate form. 

It is usual to construct these 'diagram accounts' with vertical lines, on 
which the years are marked, horizontal lines being plotted to show the 
number of cubic yards of metalling applied per mile of road, the cost of this, 
and also the expenditure incurred for labour, rolling, repairs to bridges, 
culverts, and other collateral charges. These diagrams are extremely useful 
for reference, and the history of a road for many years, indicating its capital 
value, can be seen at a glance. By this means the cost of the maintenance 
of different roads can be readily compared, and if the system was generally 
adopted valuable statistics relating to roads generally would be available, so 
that the annual expenditure for the several items enumerated in different 
counties of this country could be collated, which would prove veiy beneficial 
in forming a comparison, and undoubtedly promote economy and efficiency 
in management 
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CHAPTER IX. 

CARRIAGEWAYS AND FOOTWAYS. 
PRBLIMINABT REMARKS — FOUNDATIONS AND PITCHED PAVEMENTS. 

412. The method of paving streets and carriageways, which forms Part II. 
of this treatise, will now be described, beginning with^the earlier kinds 
of material used, snch as cobblestones, and finishing with what is now 

 

employed in the large cities and towQS of this country. 

The historical part of this subject, as also the methods adopted in 
obtaining many of the kinds of material used for paving purposes, but 
especially in connection with the construction and repairs of macadamized 
roads by steam-rolling, have been fully e'xplained in the different chapters 
in Part I. Such matters, therefore, will only be alluded to in the following 
pages so far as necessary to further elucidate or amplify the subject. 

Stone in many different forms has been made use of as a paving material 
from the time of the Romans, who employed blocks of an irregular shape 
laid on a foundation of concrete, which presented great solidity and was 
extremely durable. 

The surface of these large blocks, however, does not afford a good foot- 
hold for horses, owing to its wearing smooth; consequently this form of 
paving is not reliable for modern traffic. 

Boulder or cobblestone pavements were much used in the towns of this 
country until they were superseded by a regular pitched paving. Cobbles 
make a very noisy pavement, and from the irregular shape of the stones it is 
impossible to joint them closely, consequently the surface cannot be properiy 
cleansed, therefore boulders form an unsuitable as well as an insanitaiy paving 
material. Streets in many of the English towns are still paved with cobbles, 
but these are being gradually replaced by better descriptions of pavement. 

The large regular shaped blocks 8 inches wide which were introduced 
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in more recent years have been gradually reduced in aize, the width of the 
setts now used being generally 3 inches, laid on a foundation of Portland 
cement concrete. 

418. The other materials used at the present time for paving carriage- 
vrays are wood, asphalts, brick, tar- macadam, many kinds of artificial 
stone and blocks, and ordinary road metalling consolidated by steam- 
rolling. 

Where the vehicular traffic is very heavy, and the annual cost of 
maintenance and scavenging consequently high, it is desirable to apply 
either of the paving materials already mentioned, so as to provide a harder 
and more durable surface, and construct a more permanent roadway than 
can be made by the use of ordinary macadam. 

414. In this country, authorities on the subject fix the limit for traffic 
at 40,000 tons per yard-width of road per annum, and for maintenance; 
including cleansing and watering, at a cost of 2s. per square yard annually 
for macadamized roads. When these figures are reached, that description 
of pavement should be adopted which is most suitable to the location of the 
thoroughfare and the class of traffic passing over it. It should be remembered 
that certain specific interests have to be considered in dealing with this 
somewhat complicated question. 

The principal points in connection with this are the first cost of con- 
struction and subsequent maintenance. The description of material selected 
should not be unduly noisy or dirty, as this would annoy the residents and 
injuriously affect business premises and shops adjoining the streets. The 
interest of owners of horses and vehicles, as they are the principal users of 
the streets, merits a considerable share in the consideration of the 
subject. Ease of traction, which means the economical conveyance of 
merchandise, has to be considered, as has also the immunity from accidents 
by falls, that is, the comparative safety for travelling. Neglect of these 
considerations and the consequent damage to horses' legs and hoofs, will 
necessarily represent a considerable loss of money annually, and attention 
to them a proportionate diminution of loss. 

Economy in the ultimate cost for construction and maintenance is of 
considerable importance, and affects the ratepayers directly, while noiseless- 
ness and absence from dust or mud affect pedestrians, business people 
and shopkeepers, and, on the other hand, good foothold and smoothness 
affect all those who own horses and vehicles. 

415. Some of the essential features which a good pavement for the 
carriageways of cities and towns should possess, may be summarized as 
follows : — 

(1) It should be impervious. 

(2) It should be suitable for varying gradients and afford good foothold 
for horses. 
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(3) It shonld be durabley moderate in first coet and subeequent annual 
repairs, have sufficient cnrvature to • throw off surface water rapidly, and be 
non-absorbent and easily cleansed. 

(4) It should be as noiseless as possible. 

(5) It should be constructed with a sufficient foundation for the class of 
traffic which it has to bear, so as not to subside under the influence of 
heavy loads. 

(6) It should present a uniform and smooth surface, so as to render 
traction easy. 

All the conditions enumerated affect those interested in a varying 
degree ; consequently the usual difficulty is to carry out one or two of the 
essential requirements mentioned without sacrificiug the individual interests 
of many of the inhabitants. 

The details referred to affect the several kinds of pavement differently, 
and will therefore be described under each separate class. 

416. A pavement which is eminently suitable for the thoroughfare of a 
provincial or agricultural town will not, in the generality of cases, be 
appropriate for the carriageway of a city or manufacturing town where the 
streets are subjected to a heavy and continuous traffic Neither the physical 
features of a town, nor the climate, should be lost sight of in determining 
the pavement most suitable for a street or carriageway. 

As illustrating the effect of traction on some of the difibrent lands of 
materials used, the following table, now universally adopted, may be given 
previous to describing in detail the construction of the several pavements 
made use of at present for provincial and metropolitan street traffic 



Table XL. 

Traction on l&vd roads formed of different materidle, aaphaUe being 

taken as the standard of excellence. 



Asphalted roadway, 


1-0 


Paved roadway, dry and in good order, 


1-5 to 2-0 


„ ,, in fair order, 


20 „ 2-6 


„ „ but covered with mud, 


2-0 „ 2-7 


Macadamized roadway, dry and in good order, 


2-6 „ 80 


,, „ in a wet state, . 


3-8 


„ „ in fair order. 


4-5 


,, „ bnt covered with mnd, 


6-6 


,, ,, with the stones loose, 


50 to 8-2 



Another useful table, prepared from experiments made by Mr. Amos on 
different descriptions of pavement in the city of London, is here given : — 
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Tabl* XLT. 



Boad Material. 



Gravelly xuaoadam in a sidef 
street, . • • ^ 

Granite pitching by side of tram- 
way, 



Granite macadam ' freshly laid 



id/ . / 



Asphalte pavement, 



Wood pavement, 

Macadam road very good on Vic- 
toria Embankment, 



Speed In 

miles per 

hoar. 



6-945 
3*45 

5-15 
3-196 
2 '657 

4*239 
2-775 

5-025 

3-56 

5-687 

3-982 
8-278 
3-827 

6-65 



]>raaeht 
in lbs. 



126-6 
114*322 

70-968 
41-932 
45-572 

262-886 
242-726 

91*525 
69-753 
84-268 

118*163 
102*412 
100*066 

109*06 



VlTBCtion 
of load. 



1 

45-8 
1 

50*3 
1 

81-1 
1 

187-3 
1 

121 
1 



21-9 
1 

28-7 

1 

64-9 

1 
82*5 

_I_ 
68-3 

1 

487 
1 

66-2 
1 

67-6 

1 

62-7 



Tractive 

force in 

decimals of 

the load. 



•0219 
•0197 

•0128 
•0072 
•0082 

-0456 
•0421 

•0158 
•0121 
•0111 

-0205 
-0177 
•0178 

•0181 



417. Boulder or Oobblestone pavements at one time formed the 
principal paving, and still exist to a considerable extent in some of the cities 
and provincial towns in England. They afford a fairly good foothold for 
horses, but the roughness of the surface makes travelling over them very 
unpleasant 

This paving, which possesses the merit of cheapness, is easily displaced 
by the action of the traffic and frost, owing to the irregular shape of the 
stones, and the inevitable large joints, while at the same time a considerable 
expenditure of tractive energy is required to move loads over them. For 
the same reasons it is almost impossible to keep the surface in a clean and 
sanitary condition. 

418. It was found that the increasing vehicular traffic in many of the 
larger towns entailed a greater cost for maintenance each year, while the 
discomfort and noise of the boulder pavements, the irregularities caused 
through wear on macadamized roads, and the manufacture of mud and dust 
in certain seasons of the year, led to the substittttion of a more suitable 
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class of material in the form of 'cubed granite' or 'setts' for makisg 
carriageways and streets. 

This class of paving was first introduced into London in 1824 by Telford 
and laid in Hanover Square, although it is recorded that a pitched pavement 
was constructed in that city in 1762, replacing an old cobblestone pavemenl 
The stones or setts then used were much larger, compared with the practice 
at the present time, being generally from 6 to 8 inches wide, 9 inches deep, 
and 12 inches long. 

The earlier pavements laid in London and other towns were constmcted 
in the following manner : — ^Af ter the soil had been removed to a proper depth 
and the foundation properly prepared, a substratum of metalling or hard 
core was spread generally to a thickness of from 9 to 12 inches ; in streets, 
however, which had to bear the heaviest traffic the bottoming was increased 
in thickness to 15 inches. On this stratum was spread a coating of sand 
into which the setts were bedded. The principal thoroughfares in London 
at that period (1828 to 1838) were thus laid, the setts being of Aberdeen 
granite, 6 to 7^ inches wide and 9 inches deep. 

This class of pavement had a life of from fourteen years in Fleet Street to 
twenty-four years in Cannon Street; the first cost averaged from lis. to ITs. 
per square yard, while the amount expended annuaUy for repairs up to the 
year 1840 was Ifd. in the former street^ and Id. per square yard in the latter 
thoroughfare. In the year 1854 the annual cost of maintenance had risen to 
3d. per square yard in Fleet Street. 

These paving setts when lifted were re-dressed and used again in some 
subsidiary street where the traffic was not heavy, where they had a further 
life, which in some instances extended to about fourteen years, making a 
total duration of about thirty years. 

In many cases the paving setts were laid directly on the subsoil, after 
this had been formed to a proper contour, and the joints were filled with 
sharp sand or fine graveL 

The dimensions of paving setts were reduced about the year 1850 to 5 
inches in width, subsequently to 4 inches, and then 3 inches, which width, 
with a depth of 7^ inches and a length not exceeding 12 inches, are, 
with a few exceptions, the standard sizes of paving setts employed at the 
present time. 

The system of laying the paving direct on the prepared ground and even 
on a loose stratum of hard core, although still followed in many instances, has 
been gradually superseded by forming the foundation with Portland cement 
concrete. The thickness and strength of this class of foundation is regulated 
according to the amount and class of the traffic which has to be accommo- 
dated. 

419. The 'Euston Pavement.'— One of the first really good pitched 
pavements made in London was that known as the 'Euston Pavement^' 
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which was constructed in the following manner :-— The ground was formed 
to the requisite depth and had the same curvature as the surface of the 
intended roadway was to assume when finished. Upon the prepared ground 
a coating of coarse gravel was spread 4 inches in thickness and well rammed. 
On this layer another coat of gravel, mixed with a small quantity of chalk 
to make it bind, was spread and rammed as iu the former case. On this 
stratum was placed another coat of fine gravel, upon which foundation the 
setts of Mount Sonel granite were laid, bedded in one inch of fine sand. 
The size of the stones was 3 inches square and 4 inches deep, hammer 
dressed and squared, set close together and laid at right angles to the kerb. 
The stones were thoroughly rammed by the pavior, the whole surface being 
finished by spreading over it screened gravel which was allowed to find its 
way into the joints by the action of the wheel traffic, thereby steadying the 
whole pavement. The cost of this pavement, including foundations, is 
stated to have been 12s. per square yard. 

420. Width of Caxriageways. — ^The width of carriageways in cities and 
provincial towns varies according to the requirements and character of the 
traffic, and may be from 16 feet to 40 feet (being generally a multiple of 8 
feet), which is considered ample for vehicles, travelling rapidly, to pass each 
other safely. 

421. The OoDgeBtionof Street Traffic. — The congestion in many streets 
from the enormous expansion of the traffic in the leading thoroughfares of 
London and other cities is becoming more serious every year. This state 
of matters has called forth an expression of opinion that new main thorough- 
fares should be constructed having a width of from 80 feet to 125 feet, 
diverging in different directions, in order to adequately accommodate the 
pressure of wheel traffic, which is getting heavier every year and in many 
instances becoming unmanageable. By such an arrangement the vexatious 
delays experienced at present would be greatly reduced, if not altogether 
removed. 

The general practice at present in London and in many other large towns, 
where the wheel traffic is continuous, is to widen the carriageways at the 
intersections of the streets, which, besides admitting of refuges or resting 
places being provided for the convenience of pedestrians crossing the 
thoroughfare, regulates and expedites the movements of vehicles at these 
points. 

Wide streets add materially to the health of the inhabitants, and, in a 
measure, remove the crowded appearance so common in many old towns, 
while the greater space between the buildings gives dignity and an air of 
comfort to the surroundings. 

422. Oradients and Contour.-~For the purposes of wheel traffic the 
best form of longitudinal and cross-section would naturally be that of a level 
line, as any inclination produces friction and consequently additional traction, 

U 
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and canaes weur and tear of honea and Tehiclea. Aai however, die auif aoe 
water mast be drained rapidly from the tharonghfare^ especially after a 
heary ndnfall, a certain amount of incHnation, both longitudinally and 
transversely, is necessary. The contour nsnally given to a street varies from 
^ to ^ of its width, that is, between the kerb ou each side, according to 
the longitudinal gradient^ while in many cases a radius of 300 feet is 
adopted. This latter, on a carriageway 40 feet wide, gives a rise of 
7^ inches at the crown, but this is excessive under normal conditions. On 
this width of thoroughfare a rise of 6 inches is considered sufficient^ 
increasing at pomts to 7 or 8 inches, where gullies are placed to collect and 
dispose of the surface water. 

The standard contour adopted in Liverpool, where pitched pavements are 
almost exclusively used, ib shown in fig. 123a, the rise or versine being fixed 
at 1 in 48 from the channel to the crown. 

The longitudinal section of a street should, whenever practicable, have a 
gradient of not less than 1 in 120 to 1 in 150 in order to give effective and 
speedy drainage at tlie channels; when the gradient is flatter a greater 
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Fio. 123a.— Contour adopted for streets in Liyerpool. 

number of gullies will be necessary to properly discharge the surface water. 
On very hilly carriageways, owing to the great rush of surface water after a 
heavy rainfall, more gullies of large capacity are likewise necessary to 
intercept the water and detritus, compared with streets having only a 
moderate gradient. 

The crown level longitudinally, if at all practicable, should be uniformly 
maintained from street to street in order to avoid undulations which greatly 
interfere with the free passage of vehicles. 

428. The location of an existing street in a city or town, owing to the 
topographical features, does not at times admit of a comprehensive system 
of gradients being established. In villages and suburban districts, which in 
the course of time may be merged within the boundaries of an acyoining 
town, the widths and gradients should be adjusted previous to the process 
of improvements and re-building operations being commenced, which sooner 
or later will in all probability take place. 

The difficulty of obtaining suitable gradients in many cases is very gteat^ 
especially where an existing buildmg has been erected so as to avoid under- 
building, the floor level of which may be either too high or too low for sny 
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prospective impiovementfl in the gradient of the street. Excessively deep 
eattings or high embankments which, if executed to give a uniform and easy 
gradient^ would natorally afifect the value of the adjoining property, 
may demand steeper gradients than would be permissible under ordinary 
circumstances. 

It should be the aim of those in authority to endeavour to fix a system 
of gradients convenient for the traffic generally, rather than to consider the 
interest of any particular individnaL 

In most instances the work of construction in forming streets is under* 
taken and carried out by contractors by an offer at schedule prices, so that 
detailed information as to the different methods "adopted by them in 
executing the work is not considered necessary. The more important 
operations and other relative matters will be given when it is considered 
essential to further elucidate the general description of any particular class 
of work. 

424. FormatLon of Oairia^wayB. — The ground on which the street is 
to rest is prepared by excavating or making, up as may be found necessary 
to the lines and levels shown upon the plan and section. This applies to 
both new and the re-making of existing carriageways, except in the case 
where concrete has already been employed as a foundation, the ground 
being made thoroughly solid by steam-rolling. When a soft or unsuitable 
subsoO is met with in the bed of the roadway it should be removed to such 
an extent and depth as may be found necessary, the voids being replaced 
with hard sound material. Where it is necessary to embank the roadway, 
the filling should be done in layers not exceeding 6 inches in thickness, well 
pounded or rolled, water being applied, if necessary, after each layer has been 
deposited. 

The depth of excavation or height of embankment, or the general 
levelling of the ground, is determined beforehand by fixing gradient or 
boning pegs at the formation level of the roadway. Previous to commencing 
the construction of the foundation, whether of concrete or any other material, 
gradient and contour pegs of wood or iron, generally the latter, are fixed at 
regular distances apart of from 5 to 8 feet between the kerbs or channels on 
either side of the roadway. These pegs are fixed so that the top of each 
represents the finished surface of the carriageway, while a distinctive mark 
or a second peg alongside of the others shows the depth of the concrete or 
other material forming the foundation. 

In ground of a retentive nature, or where there is any likelihood of water 
gaining access to the foundation, a subsoil drain, properly trapped, should be 
formed and connected to the main drain. These subsoil drains are generally 
.placed' under the kerb or channels, the trench being filled up to formation 
level with email stones, 

420. Foundations. — The best foundation for any class of paved roadway 
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is (1) Portland cement concrete, although many other kinds of material afe 
employed, such as (2) Mton, (3) bitaminooa concrete, (4) hand-aet rabble 
bottoming, and (5) macadam or gravel and furnace cinders consolidated by 
steam-rolling, 

Portland Cement Concrete Fomidations. — ^For first-ckss work on 
thoroughfares bearing a heavy traffic, the best foundation is Portland 
cement concrete composed of from three to four parts by measure of gravel or 
stones, generally metalling, and one or more parts of clean sharp sand mixed 
with one part of cement. When this proportion is adopted, the concrete, laid 
to a thickness of 6 inches, is considered sufficient; but should a weaker 
composition be employed, consisting of five parts of stone, two parts of fine 
gravel or sand mixed with one part of cement, then the thickness must be 
increased. Where the carriageway is subjected to a less heavy traffic, or the 
thoroughfare is not so important, 6 inches of concrete mixed in the latter 
proportions is generally made use of. 

The foundation of a paved street takes the weight of the traffic and 
gives stability to the pavement Portland cement concrete, if composed of 
good materials and carefully spread, will practically last for generations. 

426. (1) Preparing Portland Cement Concrete. — The material, inde- 
pendent of the proportions adopted, is prepared by being mixed on bankers 
or boarded platforms of suitable size, sufficient to admit of the concrete 
being turned over the requisite number of times in one direction, and at 
the same time allow of three batches being prepared at one time. 

The materials should be gauged in boxes of a size necessary to secure 
the proper proportion of the ingredients, which are then heaped up together 
and turned over twice in a dry state, once while being watered, and three 
times wet before being loaded into barrows or cast upon the formation 
bed. When mixing the ingredients, the water should be added in a careful 
manner by being applied through a finely perforated rose nozzle, under 
very moderate pressure and in limited quantities, so as to obtain a thorou^ly 
plastic and incorporated mass. The concrete should be thoroughly con* 
solidated in Htu with heavy beaters, formed to the proper contour of the 
street and smoothed over with a flat shovel, so as to present an even surface 
for the setts to be bedded on. Any irregularities which may appear on 
the surface after the concrete has been placed in position should be made 
good with fine material before the concrete proper has set or become hard. 

Concrete should be deposited in position immediately after being mixed 
in a wet state, otherwise it may have become partially set and will be con- 
sequently of inferior strength. 

The surface of a concrete foundation is, after completion, according to 
the nature of the weather, sprinkled with water from time to time so as 
to assist the ultimate hardening of the mass. In hot weather, or during 
the prevalence of frost, the surface of the concrete should be protected by 
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being covered with old cement bags. When the former condition of 
weather prevails, it is usual to saturate the bags with water until the whole 
mass is thoroughly set. 

Portland cement concrete foundations are generally allowed to remain 
from six to ten days so as to properly set before the laying of the paving 
is commenced* The exigencies of the traffic, however, occasionally demand 
that the time occupied in executing the work should be shortened. This 
neceasarily means that the proportion of cement to the other ingredients 
should be increased, and consequently adds to the cost of the work. The 
laying of the setts may be commenced the day following, but it is advisable, 
even when the stronger proportioned concrete is adopted, to allow it three 
clear days to harden before proceeding to lay the paving. 

The Portland cement used for concrete foundations is genemlly specified 
to bear a tensile strain of not less than 350 lbs. ou the square inch, after 
having been gauged neat with about 20 per cent, of its own weight of 
water and allowed to stand one day in air and seven days in water. It 
should be ground so finely that no more than 15 per cent, residue is left 
on a sieve of 5800 meshes per square inch. The storing of cement is of 
great importance, and it is usual for the engineer or surveyor to procure a 
sample of each consignment for the purpose of testing it before it is used. 

427. (2) B^ton. — This description of foundation is also used for pitched 
pavements. It has been adopted in Liverpool, and is thus described by Mr. 
H. Percy Boulnois, formerly the City Engineer there * : — 

*' The ground having been prepared in the usual way, and the channel 
and kerb stones fixed in position, a stratum of stones (which should by 
preference be of a non-absorbent character), broken so as to pass all ways 
through a S-inch ring, is spread evenly over the surface of the ground, and 
upon this is placed a layer of cement mortar mixed in the proportions of 
one of Portland cement to six of fine, sharp, clean gravel, in the method 
to be described hereafter. Upon this layer of mortar is placed another 
layer of broken stone — the whole of the stones in each layer to be thoroughly 
watered while the work is proceeding — and this stone is forced into the 
interstices of the first layer by the use of fiat beaters of wrought iron 
weighing 16 lbs. each, shaped like square shovels with handles at an angle 
of 33'. 

'' This process is repeated until the proper level and contour is reached, 
and the surface is finished off parallel to the exact curvature of the carriage- 
way. The foundation thus prepared is left until the concrete is sufficiently 
set or hardened to receive the pavement, which, if possible, should not be 
less than ten days, although this period may be shortened, when the 
exigencies of the traffic render it imperative, by strengthening the proportion 
of cement to the gravel, care to be taken in all cases to periodically water 
* Carriageways and FoottoaySf by H. Percy Boulnois, C.E. 
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tbe surface of the concrete to aasist the ultimate hardening, and in veiy 
hot weather it is adviaabie to cover the surface of the concrete with old 
cement bags thoroughly saturated with water. 

** The proportions of broken stone, gravel, and cement used in such a 
concrete are as follows : — 

** Before mixing— ^Broken atone, eight parts ; gravel, six parts ; cement, 
one part. 

9 

''After mixing— Broken stonee and gravel, mixed together, eleven 
parts ; cement, one part ; three parts of gravel having been expended in 
filling the interstices of the stones." 

428. (3) Bituminoufl Concrete. — ^Another description of foundation 
extensively used as a substitute for cement concrete is that known as 
bituminous concrete. It is carried out, after the usual levelling of the 
ground has been completed and steam-rolled, by spreading a coat of 
metalling 6 to 9 inches thick, and consolidating it in a dry state by 
ramming or by rolling. The metalling should be composed of clean 
broken stone of a size to pass a 2^-inch or '3-inch gauge, and be in a 
thoroughly dry state. A boiling mixture of pitch, tar, and creosote oil is 
then poured or floated over the entire surface until all the interstices are 
filled, and over that a thin layer of small stones or chippings is spread and 
then thoroughly rolled when the mixture is in a semi-liquid state, so as 
to effectively incorporate and consolidate the whole mass into a smooth 
and uniform surface. The bituminous mixture for this class of foundation 
is generally applied in the proportions of three of pitch to one of tar, or 
three and one-half of pitch to one-half of creosote oil. As, however, the 
constitution of the ingredients varies to a considerable extent, the proportions 
must necessarily be modified accordingly. A cement concrete foundation 
is undoubtedly superior to that made with a bituminous mixture, but the 
latter, although more expensive, possesses the great advantage that it 
admits of the surface being used for laying the paving immediately after 
it is finished. This class of foundation, therefore, is used in busy thorough- 
fares where the stoppage of traffic for a cousiderable length of time would 
cause great annoyance and obstruction to business. 

429. (4) Hand-set Bubble Foundations.— This method of forming a 
foundation for paved carriageways is similar to that employed in connection 
with macadamized roadways and generally known as Telford's system. 
The hand-set foundation, or bottoming, consists of a layer of single rubble 
stones of a uniform depth, varying from 8 to 10 inches, set by hand to form 
a close, firm pavement. The stones should be laid with their broadest sidee 
downwards in parallel lines across the street, breaking joint as much as 
practicable. The width of the upper part of the stones ought not to be more 
than 6 inches nor less than 4 inches, while they should not exceed 12 inches 
in length. After haviug been set closely together, the stones should be firmly 



CARRIAGEWAYS AND FOOTWAYS. 3II 

wedged up by inserting au iion bar in all poeaible places, and fixing between 
the stones thus parted other pieces as nearly as possible of the same depth 
as the pavement or fonndation, until the whole is firmly bound in position^ 
Any projections formed by the pinning pieces above the regular pavement 
should be broken off, care being exercised, however, not to disturb or loosen 
the hand-set pitching. It is advisable not to 6urry on the wedging opera- 
tions within a distance of 20 feet from the face of the work being laid. 
The smaU Interstices should be filled with granite or whinstone chippings, 
or with pea gravel ^ inch to I inch gauge, watered and steam-rolled until 
a perfectly even contour and smooth surface is obtained. Any surplus 
binding material should be swept off, so as to leave a clean hard surface on 
which the paving is to be laid. 

480. (5) Macadam, Gravel, and Ginder Foundations. — Many old 
macadamized roads which have a sufficient thickness of metalling are at 
times utilized, where the level of the surface permits, as a foundation for 
laying a pitched pavement upon. Traffic-consolidated roads are not to be 
depended on, and are invariably lifted and the material screened either to 
be made into concrete or to be re-applied and consolidated by rolling, the 
large percentage of small or useless material and detritus being thus got 
rid of. 

The method generally adopted, however, is to spread a coat of 3-inch 
gauge metaUing so as to give a thickness of 6 inches when consolidated, 
the manner of accomplishing which is fully described in Part I. of this 
treatise, Chapters YII. and YIII. This makes a very efficient and cheap 
substitute for concrete, and so long as the subsoil is kept free from water 
and the surface drainage properly attended to, good results may be looked 
for in adopting this class of foundation. Coarse gravel of a sufficient 
thickness, to which is added at times a small quantity of chalk, makes a 
very good bottoming, and is principally used where such material can be 
obtained locally. It seldom occurs that a town is situated where the subsoil 
is composed of this material. Norwich, however, is an exception, the 
strata being made up of gravel and chalk, which forms a rough natural 
concrete on which, with the usual bed of sand, the paving is laid, dispensing 
with the usual foundation of artificial concrete. The natural surface or bed 
of many streets in some parts of Norwich, to prevent local yielding, is 
treated by making or converting the foundation into concrete by flushing the 
gravel with Portland cement grout. 

Furnace cinders, or clinkers, are extensively used in some of the 
manufacturing towns in England as a foundation for pitched pavements ; 
this class of material, which at one time was much used in Scotland, is now 
rarely employed as a foundation for street paving. The results obtained 
are said to be fairly good, and of course the first cost is reduced to a 
minimum. 
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481. Paving Setts and laying a Pitched Pavement. — Previous to 
describing the method of laying and jointing a pitched pavement^ it may 
he advisable to give the following particulars in regard to the different 
sizes of stone used in making this class of street covering, embracing setts, 
cubes, and blocks, and the area which one ton weight of each class will 
cover in square yard& It must be remembered, however, that the specific 
gravity of the stone employed may vary considerably, consequently the area 
covered as stated is a broad average. 

Table XLII. 

Slwunng size of different stones cuiqpted for pitched pavements with the 

superficial area which one ton wtU cover,* 













Area in square 


Stone. 


Depth 


. Width 


• 


Length. 


yards which one ton 
will pave. ' 


Setts, 


6 in. 


X 8 in. 


X 


5 in. to 7 in. 


4-5 


>i 






6J„ 


x8J„ 
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>) 


4-8 
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X 81 „ 
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> i 


8-6 


>l 
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X 8} „ 


X 


II 


81 . 


Cabes, 








8i „ 


X 84 „ 


X 


SJin. 


6-7 
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Si „ 


X 8i„ 


X 


84 M 


6-2 


}i 








8« ,. 


X 8i „ 


X 


81 „ 


6-8 


»i 








4 >. 


X 4 „ 


X 


^ II 


6-4 


Blocks, 








* ,. 


X 4 ,. 


X 


6 ,1 


8-6 


it 








4 ,, 


x8 „ 


X 


8 ,1 


5-4 


It 






, 


6 .. 


X 8 „ 


X 


3 II 


4*4 


>» 








6 „ 


X 3 „ 


X 


8 II 


87 


)f 








«J ,. 


X Si „ 


X 


81 II 


8-25 < 



Cubes and blocks are extensively used for crossings, and on streets 
where there is a considerable gradient the greater number of joints, 
compared with ordinary paving, gives, under most circumstances, a better 
foothold for horses, the hoof having but a little way to slip before being 
arrested by a joint. On the foundation prepared, a layer or cushion bed of 
fine gravel or clean sharp sand, one-half to one inch thick, is spread, upon 
which the paving-stones are laid. This provides, so to speak, an elastic 
bed, and conveys the pressure equally to the foundation supporting the 
pavement. 

The stones should be carefully gauged and coursed, laid in perfectly 
straight lines at right angles to the centre line of the roadway, and set 
hard with proper bond, every stone breaking joint with contiguous ones. 
The surface of the setts is generally laid \ inch to \ inch above the 
finished level, and any four courses taken together should not measure more 



* The Municipal and Sa/iitary Engifieer^s ffandbook, by H. Percy Boulnois, C.£. 
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than 14 inches for 3-inch settSy and 16 inches for 3^inch setts, from centre 
to centre of the joints. The stones to be used should be sound quarried 
granite, syenite, whinstone, or other approved material of uniform colour, 
and procured from quarries producing stone of equal quality and durability. 
When, as sometimes happens, stones from two or more quarries are intro* 
duced to expedite the execution of the work, these should be kept 
separate when laid. All stones should be brought to a regular rectangular 
shape with a reel head and dressed to the dimensions specified. 

Paving setts are sometimes laid diagonally to the line of street, or, as 
it is termed, in ' herring-bone ' fashion ; this arrangement admits of the 
stones wearing in a more regular manner, but the foothold is not so good, and 
it is more expensive to lay. 

482. The jointing of a pitched pavement demands special attention, 
as by its proper performance will the stability and life of the paving to a 
great extent depend; and it is now generally admitted that filling the 
joints with asphalts composition is superior to any other method of effect- 
ing this. The grouting of the joints with such a mixture not only makes 
them impervious, but greatly diminishes the noise inseparable from this 
class of pavement To ensure good results bituminous grout must be 
applied in suitable weather only, as cold and wet are detrimental to 
its proper execution. The success of pitch grouting depends greatly on the 
efficiency of the person in charge of the apparatus for mixing and boiling 
the composition. Should it be too hard, the composition will pulverize in 
cold weather, while if too soft it will run and become sticky in hot weather. 
The object to be attained in asphaltic grouting is to make the paving 
impervious to moisture and to create a bond between the setts with a 
degree of elasticity sufficient to prevent it from cracking. Pitch grout, 
when properly manipulated and applied, possesses the quality of becoming 
sufficiently hard in a few hours after making the joints, so that traffic on the 
pavement can be admitted shortly after completion. 

The method of effecting this kind of joint is performed by filling the 
space between the setts with clean dry shingle or chippings, small enough to 
pass through a |-inch riddle, but not so small as to pass through ^inch mesh, 
and entirely free from dust or foreign matter. When the joints are thus 
filled, either by the material being brushed or scraped into them, the setts 
should be carefully beaten down to a solid bearing having a uniform surface, 
and the joints again filled, the shingle or chippings being so regulated as not 
to reach a greater height than one inch from the surface. The last applica- 
tion of shingle or chippings must be perfectly clean, for which purpose the 
screening should be performed in water, after which the material is dried in 
a kiln or by some other suitable means until thoroughly free from moisture. 
After being worked into the joints, and previous to applying the bituminous 
grout, care should be taken to keep the chippings or shingle perfectly dry, for 
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which purpose the paving should be coyered with tarpaolins when neeeeaairy. 
The pavement being now readj for groating, the joints are filled flush ap to 
the snr&ce with the asphaltic mixture applied in a boiling state ; and this 
is best done with a lipped can, care being taken to avoid leaving any of the 
composition on the top of the setts. Oroating the joints should not be done 
within at least six feet of the pavior& The whole surface of the pavement 
is then covered with a thin coating of sharp sand, which completes the 
operation. 

The composition of bituminous grout for paving purposes varies in different 
parts of the country according to the constitution of the ingredients and the 
climatic conditions. In ordinary circumstances, the composition may be made 
in the following proportions, namely, one part pitch to one part of tar, or 
three of pitch to one of creosote oiL Care and judgment must be exercised, 
however, so that the mixture will be of such a consistency as to set hard in 
a few hours after being used, and yet not be brittle. Should any delay 
occur in the application of the mixture when sufficiently boiled, the proper 
proportions and consistency must be maintained by adding extra tar from 
time to time. 

488. Gement Orout. — The operations in applying cement grout are 
similar to those described in the preceding paragraphs. The joints are 
first filled with chippings or shingle worked in by means of a cramming- 
iron, then the whole surface of the paving is covered with grouty made of 
Portland cement, or lime and sand in the proportion of one part of cement 
or lime to one or 1^ parts of sand, and brushed into the joints with a stumpy 
broom. 

The joints of a pitched pavement grouted with cement or lime mortar 
require a considerable time to set and properly adhere to the setts (generally 
from five to six days), as the slightest disturbance caused by vibration or the 
passage of vehicles over it when the grout is in a green state will seriously 
affect its efficiency as an impervious pavement. Any yielding of the founda- 
tion or subsoil, and at times the effect experienced of heavy individual loads 
passing over the pavement, will tend to disintegrate the material forming the 
joint and admit of surface water finding its way to the under bed of the 
pitching, which will adversely affect the durability of the pavement. Filling 
the joints with cement or lime grout can be carried out at any time except 
during the prevalence of frost. 

484. Forming the Joints with Sand. — When the foundation is composed 
of metalling, gravel or furnace cinders, consolidated by steam-roUing, the 
joint-filling generally consists of rough sand or very fine gravel The sand 
is usually washed and scraped into the joints, the paving being carefully 
beaten down to a firm unyielding bed and uniform surface, and the joints 
again filled flush. The sand should be washed into the joints by means of 
a small rose nozzle, and be scraped or crammed in with a thin iron tool. As 
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this kind of joint-filling nuteiul is pervioue, it should be adupwd only io 
stnrts where the traffic is light, &a water percolating to the under-bed will, 
sooner or later, injuriously affect the 
foQodatioD. 

480. AdTUitages. — UnquMtionaUy 
a roadway paved with granite or 
Bjeoite, properly laid upon a hard fxta- 
Crete foundation, forms the cheapest 
pavement in ultimate cost of any, and 
in a less degree with setts prodaced 
from basalt or whinetone, especially 
where the traffic is heavy. In many 
respects this form of street covering 
answers nearly all the reqniremente of 
tmffie, and its chief advantages, iu ad- 

dition to durability as a paving mate> i 

rial, are that it is adaptable to almost | 

any gradient, and that it gives a good & 

foothold to horses. It is also compara- J 

tively hygienic, yields but little dust ^ 

or mud, and is fairly easily cleansed. "3 

The life of a granite sett pavement 8 

varies with the amount and character of 8 

the traffic, but from fifteen to twenty-five | 

years may be taken as the time that will G 

elapse before it is necessaiy to renew the J; 

pavement. During this period, however, " 

the setts will require to be lifted, and the S 

wearing surface re-dressed and again laid. 

486. Objections. — The objections to 
this pavement are not numerous, but 
they are far-reaching and important. 
The surtee of a pitched pavement after 
being in use for some time becomes, 
under certain atmoepherio conditions, 
very greasy and slippeiy. It is a 
paving which is detrimental to horses, 
end at the same time one which dete- 
riorates and reduces the life of all 
rolling stock that passes over it. The 
incessant noise from the wheel traffic 

and the iron shoes of horses striking upon it is such that thoroughfares so 
paved cause groat annoyance, amounting in many instances to an intoler- 
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able nuisance, to business people and tradesmen whose premises adjoin or 
abut on the street This clearly points to the necessity, so far as noise is 
concerned, of employing some other kind of paving for carriageways in good 
residential quarters or where business premises and shops exist. For streets 
passing through manufacturing districts, the undoubted advantages of » 
pitched pavement greatly outweigh the defects mentioned. Fig. 124 shows 
a cross-section of a first-class pitched pavement. 

437. Quality of Setts and Source of Supply. — Local circumstances often 
determine the kind of stone to be made use of as a paving material; 
consequently the cost of forming a pitched pavement will vary according to 
these circumstances and the distance from the source of supply. Great care 
and judgment are necessary in selecting a stone for paving setts for any 
particular locality, and regard must be had to the class of traffic to be accom* 
modated and the climatic conditions, especially when the material is obtained 
from any new source of supply. The igneous and metamorphic rocks of a 
hard description, and containing a high percentage of augite or hornblende 
and orthoclase felspar, are those principally employed, although many other 
kinds of stone are used. 

These generally comprise granite, syenite, basalt, whinstone, while paving 
setts are sometimes made from millstone grit and other sedimentary rocks 
which are used in places where the traffic is light. Many of the hardest 
and most durable stones have been discontinued in London and Liverpool 
owing to the surface of these wearing smooth and becoming slippery, even 
under normal conditions of traffic and weather. This is notably the case 
with the old blue Penmaenmawr stone, which, however, is not now much 
used for setts, but is principally manufactured into kerbs and channels. On 
the other hand, Aberdeen granite setts are preferred in London to Mount 
Sorrel and Quemsey granite, although the latter is more durable, because the 
surface remains rough even after considerable wear. It is also much less 
expensive to cleanse than Guernsey and the other kinds of granite used for 
paving. Whinstone setts are greatly used in provincial towns where the 
traffic is not excessive, and a pavement made with this material, although it 
wears much faster than granite, invariably maintains a rough surface, and, 
consequently, does not become slippery like the granite already mentioned. 

The principal sources of supply for granite and whinstone paving setts 
are as follows : — 
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Tabli XLIIL 



Name of Qoarry and kind of Stone. 



Locality. 



19 
f) 
>l 
>l 
It 
l> 

it 



England and WdUs — 
Moant Sorrel, granite, 
Stoney Stanton, 
Enderby, 
Bardon Hill, 
Chamwood, 
Penmaenmawr, 
PwUheU, 
Clee HUl, 
Shap, 

Whuuill Dyke, wbinstone (diabase), 
Cleveland Dyke, „ (angite, andesite), 



(qnartz diabase), 
(opbitic diabase), 
(basalt). 



Scotland — 

Aberdeen and District, (granite), 

Bonawe, Loch Etiye, 
Crarae and Farness, Loch Fyne, 
Dalbeattie, 
Creetown, 
Kilsyth, 

Most of the counties in Scotland prodnoe whinstone 
those from which the greater quantity is supplied 
Lanark, Fife, Midlothian, Ayr, and Dumbarton. 



Leicestershire 



>t 
If 



(^nanronshire 



ir 



setts, 
being 



Ireland — 
Newry, 
Castlewellan, 
Arklow, . 

Chamiel Islands — 

St Samson, Yale Castle, 

Herm, 

Bonez, 

La Moye, 



(granite), . 






(granite), . 



ft 
tt 

It 



Siiropshire 

Westmorland 

Durham 

Yorkshire 



Aberdeenshire 

Argyllshire 

If 



Kirkcudbrightshire 
Stirlhl'eBhire 



Co. Down 



If 



Co. Wicklow 



Guernsey 

If 
Jersey 

Aldemey 



488. Besides these sources, capable as they are of furnishing all the 
material required in this country for the making and repairing of carriage- 
ways, a great quantity of setts, kerbs and channels is annually imported 
from Belgium, Norway, France, Rotterdam, and the quarries on the Rhine 
(thirty-two in number) worked by the London Basalt Stone Company. 

489. Coet of Pitched Pavements — Earthworks. — The ezcavation,. 
filling, and levelling depend entirely on circumstances, and no definite 
price per cubic yard can be stated for this class of work. 

Foundations. — As already mentioned, the cost of providing a pitched 
pavement on a concrete foundation varies according to the locality where the 
work is carried out and the source from which the materials are obtained. 
The cost of Portland cement concrete does not vary so much when suitable 
material can be had within reasonable distance ; it may be taken to be from 
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Is. 6d. to 28. per square yard, 6 inches deep, when the metalling or gravel 
can be proeared for 48. per ton. When thia material has to be brooght a 
eondderable distance the price may be as much as 9& to lOs. per ton ; then 
the cost for a similar thickness of concrete will amount to about 2s. 6d. or 
3s. per square yard. 

440. Bituminous concrete, for similar reasons, varies in price from 28. 4d« 
to 3s. 3d. per square yard kid to a depth of six inches. The cost of forming 
a foundation of pitched rubble or of metalling will be found in Chapter YIII., 
Parti. 

441. Paving Setts. — ^The price per ton of paving setts delivered in any 
particular town depends on the measurements to which they are dressed and 
the distance from the source of supply. The price per ton for the different 
sizes used in the construction of carriageways is given for the following 
cities : — 

Tablb XLIV. 



Source of Sopply. 



CUy of London — 
Aberdeen granite, 
Onemtey granite, 
Monnt Sorrel granite, . 
Enderby, 



Olaagow — 

Crane, Fames8,or Bonawe (granite), 

EdifiJlmrgh — 

Eemnay, Aberdeen (granite), 
Ratho and Bayelrig ( /„u{„.*^„.x 
MidlothUn 1 (whmstone), 

Dwndu— 

Aberdeen granite, 

Pitroddie, Devonshaw, and St 
Mar|;aret*8 (InyerkeithiDg) 

(whmstone), .... 

Aberdeen — 

Rabialaw, Caimey, 0>ve, Kemnay, 
Dancing Caima, Dyce, Gorrennie, 
and Hill of Fare (granite), 



SetU 

6 in. X 8 in. 

to Si in. 



«. d, 

86 

80 

81 
31 



22a. to 288. 



28 

14 

16 

12 



8 6 



Blocks I Cnbes 

6 in. X 6 in. 4 in. x 4 in. x 4 in. 



8, d, 

80 

26 
29 

27 



26 



8 



6 2 



s, d. 

36 

80 

SO 

27 



25 



16 6 



7 6 



The price per square yard for the paving material will therefore be, at 
present prices, for setts in London lOs., and in Aberdeen 28. 5d. per square 
yard, and for cubes, 6s. 8d. and Is. 5d. per square yard respectively. 

The cost per square yard of a sett pavement, including a concrete 
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foundation, laying and jointing, will of coarse vary according to the price of 
the stones per ton and the wages paid in different cities and towns* The 
joint filling averages about Is. 2d. to Is. 4d. for grouting with Portland 
cement mortari and Is. 6d. to Is. Bd. for bituminous grout. 

442. The amount expended in the annual maintenance of paved streets 
depends on the volume of traffic which the pavement has to sustain, and 
other circumstances. It is necessary, in arriving at the ultimate or com- 
parative cost, to give statistics of first cost and outlays for actual repairs 
executed from time to time, and the cost of lifting and relaying of the 
pavement, owing to the surface becoming irregular or depressions being 
formed, once or twice during the actual or calculated lifetime of the pave- 
ment. 

448. The amount expended annually per square yard in cleansing the 
fliurface, a very variable item .with the different kinds of granite employed, 
should also be included, while the sanding of the surface, especially on gradients, 
to afford better foothold under unfavouiable conditions of weather, should, 
in addition, be embraced under this item. 

The cost of cleansing the surface of a street paved with Quemsey granite 
amounts to 2^d. per square yard annually more than that in the case of a 
thoroughfare paved with Aberdeen granite setts. On some of the streets 
dtnated on a gradient in the city of London, the cost of sanding is stated to 
amount to about £6 per mile annually. 

Aberdeen granite paving, although it wears under- heavy traffic to a 
greater extent than Guernsey, is, nevertheless, eminently suitable for 
carriageways where a good and safe foothold is of primary importance, and 
particularly for steep gradients. 

Paving setts which have been exposed to heavy and continuous wheel 
traffic for a number of years, when taken up are found in. most instances to 
require a certain amount of re-dressing. This is caused by the wear of the 
top of the setts, the amount of which will vary according to the nature of 
the stone, the manner in which the pavement has been laid, their position 
in any particular thoroughfare, and the character of the traffic. Setts 
which have been paved with wide joints are found to be considerably worn 
or rounded on the arrises, to the extent of 1^ inch in some cases, which 
entails a large waste of material in re-dressing them to a rectangular form. 

444. The following Table XLY. gives the first cost, description of 
foundation and class of setts used, annual repairs, cleansing, and the lifetime 
of carriageways paved with setts, so far as can be obtained, in the chief 
cities and towns of the kingdom. The order is that of the population of the 
towns mentioned. 
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Table 



Xamb of Town. 


First cost of sett paving per 
square ysird. 


Description of f oandatton and siae 
of setts in Inches. 


1. London— Hammemnlth, . 
„ Holhorn, 
,, Lambeth, 
;; MUe End (Old 
TownX . . 
„ Shoreditch. . 
„ Stoke Newlogton, 


10s. including foundation. 

14t.6d. 

18s. 7id. on existing foundations. 

18s. 6d. „ „ 
17s. including foundation. 
Ifls. 6d. „ 


P. c. concrete 6 fan. deep, 6x7. 

II 6 1. 8x7, A. 
12 „ 4X7. A- 

6 « 8JxT. 
II 6 li 8x7, A>, «. 
6 „ 4X7. 


„ Stnmd, . 


14s. Od. on existing foundation. 


6 „ 8X9, A. 


8tMartin's-in.the- 
Field, Charing 
Croa, . 
„ 8t Mary, Isling- 
ton, . 

„ St Pancras, . 


16s. 

« 
12s. 6d. to 18s. 6d. on existing founda- 
tion. 
14s. 6d. 


6 „ 8x7,A.,lL,a 

., and Uue lias lime 6 to 1 
in., 8x6, A. 
P. c. ooncrete 6 to 9 in., 8x6, 0. 


„ Whitechapel,* 

5. Glasgow, . . . . < 

8. LiTerpool, .... 
4. Manchester, .... 

6. Birmingham, .... 

6. Sheffield, 

7. Belfast, ..... 


148. 7d. 

aranite-188. 6d. to 14b. Od. indudhig 

foundation. 
Whinstone— 10s. 8d. to lis. 4d. including 

foundation. 
lls.tolSs. 

lOs. 6d, including foundation. 

188. 6d. 

15s. to 20s. including foundation and 
re-setting kerbs, etc. 


P. c. concrete in., 8x7. 8x9, A., G. 
P. a ooncrete 4 to 6 m. deep 8^x6 
to 7, B., F. 

. . . • «. 

P. c. ooncrete 6 in. deep, 4 la. cnbei^ 

and8ix61x6x7. 
Furnace cinders and pinned fooada- 

tion,8to8(x6. 
P. 0. concrete 6 in. deep, 8x6. 
P. c. concrete 6 to 9 u., 8x6x6, sad 

4 in. cubes. A., D., M., P., L, W. 
P. c. concrete 9 in. de^, 4x6. 


8. Bristol, 


14s. including foundation. 


P. c ooncrete 6 in. deep, 8x 6, K., W. 


0. Edinburgh, .... 
10. West Ham, .... 


lOs. 6d. on existing foundations. 
16s. 6d. including foundation. 


„ 6 „ 8x4x7, A 
„ 6 „ 8x6 and 4x7, 

A.,0. 
P. c. concrete 6 in. deep, 8} x6, W. 

^ ^ 6 „ 8x6, M., Di, 

P. c concrete 6 in. deep, 8x6» 
6 .. 8x6. 


11. Dublin, 

12. Bradford, .... 

18. Newcastle-on-Tyne, . . 
14. Leicester 


14s. 
12». fld. 

lU. 
8s. 6d. 


16. Bolton 


10B.6d. 


II 8 „ 8x6. 


16. Dundee, 

17. Aberdeen, .... 


10s. 6d. to 18b. 6d. including foundation. 
lU Od. to 12s. 6d. „ „ 


:: litroadi.. }.''•»''* "^^ 

P. c. ooncrete 6 in. deep, 4 In. oobei 
and 8^x6, A. 


1& Birkenhead 

19. WolTerhampton, . 

20. Ck>Tentr7, . . . • . 

81. Burr 

22. Hanley, 


lis. 8d.' 'including foundation and exca- 
vation. 

12s. 6d. including foundation. 
128. „ „ 
10s. 


u 6 „ Tarioua, P. 
^•1 . « „^ 4 In. ealMS, 
and 8x7 on gradlenta i»«^t^«f 
lin80. 
P. c. concrete 6 in. deep. 

•f 6 „ 8x5, P. ^ 
,, 6 „ 8x6x6, sfl 
sorts. 



Refkrbnci 

A. Aberdeen. B. Bonawe. D. Dalbeattie. Ds. DoTonshaw. E. Enderby. F. Fumess. G. Gnensey. 
* This Table is compiled from Tarious sources, but principally from an article on ' Paving of Oarriagewiyi,' 
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XLV.* 



Deacriptloii of 
grontiDg. 


Annual cost of maintenance per 

square yard : (a), repairs ; (b\ 

desnsing and watering. 


Estimated life 

of sett naving 

under neaTy 

trafllc. 


BnCABKS. 


Lime. 


a. 

• • • • 


b. 

• • • • 


25 years. 


• • • • . a 


P. cement 


• •   


•  •  


• • • • 


• • • • • . 


II 


• 9 • • 


 •  • 


10 years. 


Very heavy trafflc. 




Practically nothing 


• •  • 


26 „ 


• • • • • • 


LUaUme. 


for flitt SO years. 








P. cement. 


 • • • 




20 „ 


• •   • • 


»• 


Id. aTerage for 8 
years. 


2W. 


16 to 20 years. 


• • • •   


»» 


• • • • 


• « • • 


• • • • 


Setts were worn 5 to 6 
inches when lifted after 
10 years' service. 


II 


• • • • 


• • • • 


16 to 20 years. 


Being replaced by wood. 


P. cement and blue llae, 


• •  • 


 • • • 


• • . . 


• • •  • • 


bltnmlnona. 










P. cement and pitch. 


• • • • 


 •  • 


20 to 80 years. 


Benewal or re-dresslng 
necessary to remove 
slipperlness. 


M (1 to 8)l 


• • • • 


4Jd. 


years. 


• • • • •  


,t and bitn- 


• •   


 • • • 


26 „ 


Other 26 years after re- 


minooa. 








dressing and relaying. 


Bituninona. 


• • • • 


  • • 


80 „ 


• • • • fl • 


M atone and chip- 


Jd. 


 • • • 


16 to 80 years. 


• • • • • • 


ping". 










P. oementw 


Id. 


4d. 


26 


• • • • • • 


Pitch and tar. 


. • • . 


• . . . 


20 to 25 „ 


• •  • • • 


P. cement and gravel 


NU for first 10 
years; Id. after- 
wards. 


• . . . 


20 


Other 20 years after re- 
dressing and relaying. 


„ and bitumen 


About 6d. combined. 


•  . . 


18 


Stones require to be re- 


combined. 








dressed after this period 
of service. 


„ and asphalt. 


3d. 


• • • . 


80 


• •  • • • 


P. cement. 


• . • • 


. • • . 


• • • • 


• • •  • • 


Bituninona. 
II 


Id. 

• • • • 


lOd. to U. 

 • • • 


80 years. 
20 „ 


Paved with good granite. 

•  • « •  


ti 


• • • • 


• • • • 


24 „ 


Oranlte and whinatone. 


>i 


5id. during life, in- 
cluding first cost. 


IJd. 


26 „ 


• •   • • 


Broken itone with bal. 


2d. 


• • • • 


80 „ 


• • • • • • 


P. cement and bitnmen. 










8d. 


• • •  


18 to 80 years. 


Whinstone and granite. 


1* If and 


•  • • 


• • a • 


Depends on nature 


Streets have lasted over 


chips. 






of trafllc 


40 years where undis- 
turbed. 


Bitnminons. 


« • m 9 


• • • • 


• • • • 


• •  • •  


Pitch and broken stone. 


• • • • 


 • •  


• • • • 


Only been recently laid. 


Pitch. 


• • •  


8|d. 


 • •  


Ditto. 


P. cement and pitch. 
Bitnmen finished with 


 • • • 


• i « • 


40 to 60 years. 


•  • • mm 


• • • • 


• V • • 


80 years. 


• •  • • • 


cement 











Table. 



L Inverkeithing. M. Mount SorreL V, Newry. P. Penmaenmawr. T. Threlkeld. W. Welsh. 

by Mr H. Blehardson, which appeared in The Swrvtyw and Municipal and County Engineer ^ 24th March 1809. 

X 
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i45. From the foregoing table it wonld appear that the average lifetime 
of a granite sett pavement in the City of London is 18^ years, the longest 
being 25 years, while the shortest is in the Wfaitechapel district^ where the 
life of this description of paving is stated to be only nine years. In the 
former two cases the pavement is taken up and relaid once during the 
lifetime mentioned. 

The ultimate anutial total cost for laying and repairs (taken on an 
average of the different districts in the metropolis, but exclusive of ezcava- 
tion, foundations, sinking fund and interest) may be stated as follows : — 



Table XLVI. 

Pence. 
First cost 148. 6d. per square yard, lifetime 18} years, .9*40 

Cost of repairs, ....... 1*50 

Lifting, re-drrasing setts, and relaying, Is. per square yard, 0*54 

Cleansing the sorface, ...... 3*00 

14-54 

or, say. Is. 2^d. per square yard annually for maintaining the covering of the 
street in good j;epair, but if the price of the foundation is included, and the 
probable life be 50 years or more, the cost would be 1& 3^. 

In large cities and provincial towns where the traffic varies from heavy to 
medium and light vehicular conveyances, the lifetime may be stated at from 
25 to 40 years, while the annual cost as detailed above will average about 
Is., lOd., and 6d. respectively, the first cost of the paving, exclusive of 
foundations, averaging from 12s. 6d. to 7s. 6d. per square yard. 

These figures clearly show that pitched pavements constructed alike as 
regards foundations and kind of material used for making the setts is simply 
a question of traffic. Although statistics of traffic are not available for all the 
towns referred to, still the inference points to that conclusion. 



CHAPTER X. 



WOOD PAVEMENTS. 



446, Carriageway pavements constructed of wood were introduced into 
London and laid on Stead's system in front of the Old Bailey in 1839. It 
is stated, however, that wooden blocks were used in Russia for some hundred 
years previous to that date, while in America wooden street pavements were 
tried experimentally in New York during 1835-6. 

Most of the earlier attempts to construct a pavement with blocks of soft 
wood resulted in failure, owing to the inferior quality of the material, com- 
bined with the careless and improper methods adopted in laying the blocks 
without a foundation of cement concrete. 

From the time when wood pavements were first laid in the metropolis 
many different forms were patented, but as most of these are now only 
known by name, few need description here. 

Of late years the introduction of Australian hard woods, mostly from 
trees belonging to the eucalyptus family, and the improvement effected in 
cutting and laying the blocks, have resulted in this class of pavement being 
extensively used in many of the cities and provincial towns in the kingdom. 

447. Compared with the other pavements of recognized merit, wood is 
practically noiseless, and it is no doubt owing to its possessing this quality 

« 

that it has been so extensively employed in recent years. It also gives the 
minimum of traction of any pavement, asphalte excepted, and affords a good 
foothold for horses under varying weather conditions when the surface is 
kept in a thoroughly clean state. 

The following are some of the wooden pavements referred to above. 

448. Stead's Wood Pavement. — ^This pavement was laid on a bed of 
gravel 3 inches thick on ground previously levelled and well beaten, the object 
of this layer being to drain the surface water percolating through the joints 
of the pavement The blocks of wood consisted of Scotch or Norway fir, 
and were hexagonal in shape, 6 to 8 inches across and from 3| to 6 inches 
deep. The upper edges of the blocks were chamfered and grooves were 
formed across the wearing surface in some cases. In several instances there 
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was a concrete foandatiou 3 inches thick, composed of small broken stones 
flashed with Ardwick lime or Roman cement. Pavements were also con- 
structed by Stead, composed of round blocks of wood placed vertically and 
laid close together, the interspaces being filled with sifted gravel or sharp sand. 
i49. De Lisle's Wood Pavement. — This consisted of blocks the upper 
and under surfaces of which were cut diagonally to the grain, forming 
parallelopipeds, placed alternately in reversed positions ; two holes were cut 
on each side of the blocks, and dowels or trenails inserted in these locked the 
blocks together. 

450. Carey's Pavement. — ^This was the first durable wood pavement laid 
in London, many of the streets having been paved with it in 1841 and 
subsequent years. It consisted of pine blocks 6| to 7| inches wide, 13 to 15 
inches long, and from 8 to 9 inches deep laid on a foundation of ballast ; the 
cost of this paving was 14s. 2d. per square yard. The size of the blocks was 
reduced, in 1866, to 4 inches in width and from 5 to 6 inches in depth, the 
length being 9 inches. They were formed with double bevelled surfaces, which 
when laid, came together, the intention being to prevent the blocks shifting 
and also to distribute the pressure on one block over the contiguous ones. 
The joints, f inch in width, were grouted with lime and sand mortar. It is 
worthy of note that the life of this pavement, taken on an average, extended 
to nine years on streets having a heavy traffic, and to eleven years on light- 
trafficked thoroughfares. The total cost of construction and maintenance 
during the lifetime of this pavement amounted to 2s. 8d. per square yard in 
the former case and 28. 5d. per square yard in the latter annually. 

451. Improved Wood Pavement. — ^This pavement^ introduced from 
the United States, was originally laid with blocks, hexagonal in shape, 
6 inches across and 8 inches deep. The first piece was laid in London 
in 1871 ; but the earlier method of forming this pavement was sub- 
sequently considerably modified. After excavating to the profile and 
section of the street, a layer of sand, fine mortar stuff or dry earth was 
spread to a depth of 4 inches. On this bed two layers of 1-inch deal 
boards, previously dipped in boiling tar, were laid close together transversely 
and longitudinally. The object of this flooring of planks was to form an 
elastic foundation and to distribute the weight applied on one block over a 
large surface. This method of forming the foundation was, for obvious 
reasons, abandoned, and a thin concrete one was substituted; one layer 
of the 1-inch boards, however, was retained, and was laid on the top of 
the concrete. 

Upon this foundation, blocks, measuring 3 inches wide, 6 inches deep^ 
and 9 inches long, dipped in tar, were laid. The longitudinal joints were 
made f of an inch wide, and kept apart by a fillet nailed to the flooring 
board, the heading or end joints being laid close or butting. They were 
filled to a depth of 2 inches with a mixture of boiling tar and pitch, and 
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the space above was finished with fine dry ballast rammed into the joints by 
means of a caulking iron, and flushed with the tar and pitch composition. 
The work was completed by the whole surface being strewn with small 
gravel (to which was added boiling tar), and by sand then being thrown over 
the surface. 

The object of sprinkling gravel over the surface was to indurate the 
wearing surface of the wood; while the elastic binding material, with 
which the joints were filled, was intended to produce an impervious 
pavement. 

452. Ligno-Hineral Pavement. — This pavement, known as Trenaunay's 
system, was introduced from France. It appears to have been the first 
that was provided, as an original part of the system, with a hard concrete 
foundation moulded to the required curvature of the street. Upon the 
concrete foundation hard wood blocks of oak, elm, beech, or ash, 3 inches by 
6 inches and 9 inches long, chamfered on the upper edges, were laid, the 
upper and lower surfaces of the blocks being cut at an angle of about 60 
degrees to the grain of the wood, with a view to expose the fibre obliquely to 
the wearing surface, and also to distribute the weight of the traffic from one 
block to those adjacent in the line of thrust. 

A groove cut horizontally along the sides of the blocks near the base 
was filled with asphaltic mastic; the joints were also partially grouted 
with the same composition, the remaining space being filled with lime and 
saud grout. The blocks, previous to being laid, were subjected to a process 
called 'mineralization' to render them tough and more durable. Besides 
the hard woods mentioned, fir was used, and was treated in a similar 
manner to preserve the wood; these blocks, however, were laid in an 
upright position with vertical fibres. This pavement was laid in various 
streets in London in the years 1872 and 1875. 

4S8. Asphaltic Wood Pavement. — This system of wood paving, 
originally patented by Copeland, was constructed in the following manner : — 

The ground having been excavated as required, a foundation of blue 
lias lime concrete, counting of one part of lime to five or six parts of 
ballast, was laid to a depth of 6 inches, finished to the proper contour of 
the road section. Upon this foundation a coat of mastic asphalte was laid 
from I inch to f inch in thickness as a cushion for bedding the pavement. 
The wood blocks, of Baltic fir, 3 inches wide, 6 inches deep, and 9 inches 
long, were laid in transverse courses with the grain of the wood upwards. 
Interspaces or joints about -^ inch wide between each line of blocks were 
regulated by placing strips of wood against each course as they were laid. 
These were filled to a depth of 1^ inch with melted asphalte, which 
partially re-melted and united with the coating spread on the foundation. 
The remainder of the joints was filled with a grout composed of hydraulic 
lime and sand, whereby the whole pavement was made into a solid mass. 



326 ROAD MAKING AND MAINTENANCE. 

The surface of the paving was finished with a top dressing of sharp sand or 
fine gravel strewn over it, which, when worked in by the wheel tntfi&e, 
indurated the surface of the wood blocks. 

In the original pavement, holes were pierced at the sides of the blocks 
and were filled with liquid asphalts in order to afford an additional key 
to the paving; this arrangement, however, was dispensed with in the 
later forms of this pavement 

This street covering was first laid in London in 1874, at the east end 
of Cannon Street The foundation consisted of Portland cement concrete, 
9 inches deep, over which a layer of mastic asphalte, f inch thick, was 
spread. The blocks of soft wood steeped in tar were bedded in this mastic 
cushion and laid in courses across the street with |-inch joints. Each block 
had two holes about f inch in diameter, and f inch deep bored in each 
side, and were filled with the liquid asphalte when the joints were being 
grouted. The upper part of the joints was rammed with screened gravel 
and filled with asphalte grout, and the pavement, as already mentioned, 
was covered with fine gravel and sand. The pavement was characteriied 
as impervious to water, and the foundation when examined a considerable 
time after being laid, was found to be dry and in good condition. 

454. Benson's Wood Pavement. — The foundation for this system of 
wood paving was composed of 6 inches of blue lias lime concrete floated 
with a 2-inch layer of cement concrete of fine quality. Upon this was 
placed a layer of ordinary roofing felt previously saturated with a hot 
asphaltic composition of distilled tar and mineral pitch. This layer was 
intended to give elasticity to the road covering, which was composed of 
Swedish yellow deal blocks, 3 inches by 6 inches, and 9 inches long, laid 
with the grain upwards. The joints were formed with strips of saturated 
felt, the blocks being driven together so that the space between the coorses 
was reduced to less than ^ inch in width. At intervals of eveiy three or 
four rows a course of blocks, grooved along the middle, was laid, to aid in 
giving proper foothold for horses. The surface was finished by spreading a 
hot bituminous compound, and then a coating of sand. 

455. Howlem & Co/s Method. — This description of wood pavement 
is laid on a foundation of concrete varying in thickness according to 
the nature of the subsoil and the traffic. The blocks of yellow deal, 
3 inches by 6 inches or 7 inches deep, are laid direct on the foundation, 
the joints, varying in width from f inch to ^ inch, being filled in with lias 
lime and sand grouting, the surface of the blocks being afterwards indurated 
by strewing it with shingle which was run in by the vehicular traffic. 

456. Dufiys Patent Wood Pavement.— It is claimed for this patent 
wood paving that the depth of the blocks can be materially reduced by the 
introduction of dowels or binding keys inserted into recesses or holes on 
either side of each block, effectually fastening them together, and distri* 
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buting the weight of the traffic over a considerable area. By being so 
bound together, the blocks do not become loose or rise; it is an inex* 
pensive pavement, and is easily laid. This system of paving was laid on 
the roadway of the Tower Bridge in 1895. It has also been recently laid 
in front of the Marylebone terminns of the Great Central Railway Com- 
pany. 

Of the other patented systems of wood paving adopted and carried out, 
many of which are similar to those already described, with probably some 
slight alterations in detail, the following may be mentioned : — Harrison's,, 
Newton's, Stone's, Gabriel's, Wilson's, Lloyd's, Trosser's, and Elli wood 
paving. 

457. The experience acquired in laying the wood pavements described 
in the preceding paragraphs clearly points to simplicity of construction. 
The many patents for elastic foundations, interlocking the blocks, and 
forming grooves on the surface, have all been found to be extremely com- 
plicated and deficient in many important respects. 

458. Gradients. — ^The steepest gradient which could be successfully laid 
with wood paving was, until recently, considered to be 1 in 40. Streets 
having steeper gradients are now paved with wood, as for instance Savoy 
Street and Arundel Street in London, which are situated on gradients of 
1 in 12 and 1 in 14 respectively. It is, however, considered in modem 
practice that streets should not be paved with wood where the gradient 
exceeds 1 in 27. Under certain atmospheric conditions the paving becomes 
slippery, and requires sand or fine gravel sprinkled over the surface to ensure 
a good foothold. The frequency with which this has to be done increases 
as the gradient becomes steeper, and the expenditure under this head, in 
giving an artificial foothold, amounts to a considerable sum annually. 

459. Oontonr. — The convexity adopted for a wood pavement is gener- 
ally THT ^ 7 V o^ ^® width of the carriageway, and may be made in 
the form of a segment of a circle, or according to the ordinates shown in 
fig. 121. 

Methods of Constmcting Wood Pavements. — The methods adopted 
in laying a wood pavement carriageway and practised at the present time 
will now be described. The wood may be either soft or hard. 

460. Foundations.— Portland cement concrete is invariably adopted for 
forming the foundation of wood pavements of varying strength and thick- 
ness according to the traffic, nature of the subsoil, and position of the street. 
In other words, the foundations for a pitched and a wood pavement are similar ; 
but in the case of the latter paving, an additional covering of fine concrete 
or cement rendering is applied on the top of the concrete foundation so as 
to form a true and even surface on which the blocks are directly laid with- 
out the intervention of any cushion layer. 

In most cases the old foundation of concrete, which has done service for 
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other descriptions of paving material, are utilized, with the addition of being 
floated with cement mortar to render the surface smooth, and make good 
any depression or alteration of the contour which the finished surface of the 
street is to assume when completed. This is accomplished by fixing ieyel* 
pegs longitudinally and transversely to secure efficient surface drainage. 
The intermediate points are determined by means of boning-rods, and the 
carriageway is then divided into panels or bays of a certain width for carry- 
ing on the operations of floating the surface with cement mortar. It is 
performed by driving an iron wedge into the concrete foundation at intervals 
of five or six feet across the roadway between the kerbs or channels. Wood 
pegs are driven into the holes thus made, and the height of each is fixed 
by boning ; the tops of the pegs are then cut off, where necessary, to the 
proper level. On the top of these a lath 2^ inches by f inch is fixed by nails 
forming a template, the upper side of which corresponds to the finished 
surface and the required contour of the cement mortar coating. The panels 
may vary from 12 to 15 feet in width, and each alternate one is completed 
and allowed to set before commencing the others. The cement mortar or 
rendering is regulated by means of a straight edge, worked between the 
lath-templates transversely, which ensures the surface being finished in a 
uniform manner. Whep the whole has become hard, the laths are removed 
and the spaces fiUed in with thick cement grout 

As there is no cushion of sand made use of in this paving, at all events 
in first class work, it is absolutely necessaiy that the concrete should be 
thoroughly hard before commencing to lay the paving blocks. The time 
necessaiy for this will, to a certain extent, depend on the weather, but is 
usually from ten to twelve days ; in many cases, however, the laying of the 
blocks may be commenced six days after the completion of the concrete 
foundation. 

461. The practice in recent years has been to lay wood blocks with the 
fibre vertical, instead of inclined or oblique, as in many of the earlier wood 
pavements. The wearing capacity of blocks laid with the fibre of the wood 
vertical is nearly double that of blocks set at an angle of 45 degrees, and 
lour times greater than of those laid in a horizontal position. Wood 
pavements are generally divided into .two classes, namely, soft wood and 
hard wood. 

462. Soft Woods. ~For the most part the kind of timber used in this 
class of paving is yellow deal or Baltic redwood, which has superseded those 
formerly used in this country, such as larch, oak, and elm, although the 
latter kinds of timber are still employed to a limited extent. 

As soft wood absorbs a considerable amount of moisture, plain blocks 
should not be used. From a hygienic point of view, this defect has, to a 
certain extent at least, brought about the substitution of hard for soft woods 
as a paving material. The failure of soft wood pavements is, on this account, 
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doabtless traceable to the imperfect manner in which they have been laid 
with untreated blocks and wide joints. The absorption of moisture is pre- 
vented to a great extent by creosoting the timber ; much, however, depends 
on the condition of the wood when treated and the method adopted in pre- 
serving it. 

The treatment of the blocks lessens their tendency to expand when laid, 
and minimizes the trouble caused by displacement of kerbs, channels, lamp- 
posts, and damage to gully gratings and other fixtures, owing to the swelling 
of the blocks transversely across the street The wearing qualities of soft 
woods are considerably enhanced by subjecting the timber to a creosoting or 
pickling process. The amount of moisture absorbed by yellow deal plain 
blocks is stated to be about 23^ per cent. 

Table XLYII. gives the comparative expansion of six creosoted as 
against six plain soft wood blocks after immersion in water for forty-eight 
hours in percentage on the original dimensions.* 



Table XLVII. 

Creosoted. Plain. 

On length of block -099 '6 

On width „ „ -67 '88 

On depth „.,•.•••. '16 '81 

" These expansions would represent in a carriageway 30 feet wide, 2^ 
inches for plain blocks and practically f inch for creosoted blocks, if they 
were under the same conditions ; but, of course, actually the soaking of the 
blocks to this extent never occurs, and the expansion, therefore, is sufficiently 
jjrovided for by a narrow saud joint against the kerb, the space being subse- 
quently grouted up after the blocks have found their position." 

To further illustrate the comparative expansion of plain and creosoted 
soft wood paving blocks, the following particulars may be given. In laying 
the roadway in Piccadilly, London, with plain soft wood blocks, expansion 
was provided for to the extent of 3 inches on each side of the thoroughfare 
next the kerbs. Owing to the swelling of the blocks the whole space origin- 
ally allowed was taken up, when further provision for expansion had to be 
made by removing a longitudinal course of blocks, 2 inches in width, from each 
side of the carriageway. This made the amount of expansion equal to 5 inches 
at the channel, or a total of 10 inches in the roadway. In Regent Street the 
paving blocks were treated previous to being laid. A similar allowance for 
expansion was provided for on either side of the street, but in this case the 
awelling of the wood paving only amounted to 2 inches on the total width 
•of the thoroughfare. 

* KoUb on Wood Paving in Ipswich, by Edward Buckham, M.I.O.E., Borough 
Engineer. 
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463. GreoBoting Soft Woods. — The best natural method of preserving 
timber is to have it well ventilated and seasoned. Decay in wood takes 
place through many causes, but principally by the absorption of water iuto 
the cells of the timber. The wood used for paving purposes should be 
carefully selected, free from sap, close and even grained, and thoroughly 
well seasoned. Preserving timber so as to prevent decay is accomplished by 
the process of creosoting or impregnating the wood with metallic salts, which 
can be carried out by various methods. 

The most successful preservative is creosote oil, a product obtained in 
distilling tar, which is injected into the timber after it is cut into blocks ; 
and the blocks then placed in a close cylinder after the air and moisture in the 
wood have been exhausted. For paving blocks of yellow deal a quantity of 
10 lbs. to the cubic foot gives satisfactory results. 

Table XLVIII. shows the comparative weight of water absorbed by soft 
woods, for plain or untreated blocks, for those impregnated with creosote oil 
(10 lbs. to the cubic foot) and for blocks treated with * Carbolineum 
Avenarius ' * (65 gallons to 1000 3 inch by 5 inch by 9 inch blocks). 



Table XLVIII. 

Weight before. Weight after. 
Plain blocks, 3 in. x 5 in. x 9 in., . 16 lbs. 18 IbR. 

Oreosoted blocks, ,, ... 20J ,, 21 ,, 

Carbolized blocks, „ . . 18 „ l^i *> 

"These statistics prove the wood to be less susceptible to absorption after 
treatment than before, the advantage being in favour of creosote." 

As the strong smell emanating from creosoted wood is objected to in many 
instances by residents, the introduction of carbolized blocks into certain 
quarters of cities and towns has been favoured. 

The somewhat primitive method of simply dipping the deal blocks into 
creosote oil previous to laying them does not, for many reasons, appear to be 
reliable, although very good results are obtained by this method of treating 
the timber by the Strand District Board of Works, London, which will be 
further alluded to in a subsequent paragraph. It is admitted that creosoting 
soft wood blocks, if properly performed, about doubles the life of the 
timber ; there is also a great advantage accruing from its being so treated 
from a sanitary point of view. The life of a soft wood pavement varies 
considerably according to the amount of traffic, quality of the wood, and 
whether the blocks are used plain or have been subjected to treatment, and 
the method adopted in laying the pavement. 

* ''Wood Carriageway Payements," by Mr. Chas. Mason, A.M.I.C.E., Proe, Ineor. 
Assoc Municipal and County Engineers, vol. zx. p. 68, 1898-94. 
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464. The life of a soft wood paving, estimated by wear in some of the 
basiest thoroughfares in the Metropolis, averages about seven years, although 
longer periods of service have been recorded; for instance, in central 
London this pavement has had a life of from eight to nine years in the Strand 
between Exeter Hall to St. Mary's Church and Newcastle Street to Temple 
Bar. Yellow deal blocks taken from this thoroughfare were found, after 
five years' service, to have been worn to a depth varying from If inch 
to 2^ inches, the original depth of the blocks having been 6 inches. In 
another instance a yellow deal block taken from the carriageway of Charing 
Cross, the original depth being 5 inches, showed it to have been worn or 
reduced to 1|- inch after five years' wear. In provincial towns where the 
character and extant of the traffic is from medium to heavy the life of a 
creosoted soft wood pavement may be taken at from twelve to fifteen 
years. 

The unequal wearing of the wood through latent defects and depressions 
caused by subsidence of the foundations over trenches where repairs to gas 
and water mains have been found necessary, quickly converts the paving 
into an irregular surface, which, if allowed to remain, or if the renewals are 
not sufficiently frequent, will naturally create an insanitary condition of 
things, and render the scavenging more difficult. 

465. Hard Woods. — The hard woods hitherto principally used in this 
country for street pavements are Karri and Jarrah from Western Australia^ 
but other kinds are being introduced from New South Wales, such as tallow 
wood, black butt, blue gum and red gum. White oak and gum wood from 
South Carolina and Mora wood from Demerara are also being introduced ; 
and as these are of a tough and fibrous nature, and considerably lighter than 
Jarrah, it is considered they will be less noisy and slippery than the other 
hard woods mentioned. 

With the exception of a small trial piece of hard wood paving laid in 
Chelsea in March 1888, the first street pavement of Australian hard wood 
was executed in Westminster Bridge Road, London, in May 1889. This 
thoroughfare was paved with Jarrah, and is noted tbt the incessant and 
exceedingly heavy traffic which passes over it. To give some idea of what 
this means it may be mentioned here that on the west side of the roadway 
or leading towards Westminster the daily wheel traffic is reckoned at 1002 
tons per yard of width of roadway from 6 a.m. to 6 p.m., during which time 
3574 vehicles pass. 

Hard wood blocks are generally laid in their natural state, as, owing to 
their being very dense, creosoting would not materially affect the durability 
of the timber, and in any case could only penetrate the blocks to a very 
limited extent. The dipping of these blocks in a bituminous composition, as 
practised in some districts, is not so much for the purpose of preserving the 
timber as to form an impervious joint. From a sanitary point of view hard 
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wood is superior to a soft wood payement, and when the blocks are laid with 
a close joint the defects hitherto associated with this class of pavement are 
almost entirely removed. 

The liability to contraction, however, is an objectiou, and when this takes 
place the spaces left between the blocks are filled with deleterious matter 
which cannot be removed. The necessity of providing expansion joints at 
the kerbs or channels is undoubtedly a serious drawback, but this defect is 
more likely to be overcome by using only properly seasoned timber in as 
fresh a condition as possible, and by laying the blocks close together with a 
bituminous joint. 

Many of the difficulties which have arisen are directly attributable to 
the method of laying the pavement and the condition of the wood when 
used; it is well known that properly seasoned wood blocks cease after a 
time to expand or contract. The comparative power of absorbing water of 
the two Western Australia woods, Jarrah and Karri, is given by Mr. W. N. 
Blair as follows : — 

Jarrah blocks, 10*71 per cent 

Karri ,, 7*77 i, 

Jarrah weighs, when freshly cut, slightly over 70 lbs. per cubic foot, 
which is reduced to 65 lbs. and 60 lbs. when thoroughly seasoned. All 
wood blocks for paving purposes, whether hard or sof t^ should be carefully 
selected, free from sap, and close and even-grained. It is generally 
admitted that wood paving is less noisy and less slippery than any other 
kind of pavement, with one exception, which will be referred to further on, 
suitable for heavy traffic. However, it is necessary to cleanse the pavement 
periodically by washing the surface to remove foreign matter, which is the 
real source of slipperiness in a pavement and of its unsanitary condition by 
reason of the emanation of offtinsive smells. Under certain atmospheric 
conditions slipperiness is temporarily removed by occasional sanding and 
sprinkling fine gravel or crushed flint screenings over the surface, especially 
on gradients, so as to ensure a good and safe foothold for horses. In the 
Strand district of London, where soft wood pavements predominate, crushed 
rock salt is used, especially during the winter months, to assist in cleansing 
the surface when being washed. 

466. Laying Wood Blocks and Jointing. — The dimensions of the blocks 
used in wood paving are generally 3 inches to 4 inches by 5 inches to 6 inches by 
9 inches. They should be cut square to the exact size by machinery, so as to 
ensure uniformity when laid as a pavement In carrying out the woric the 
blocks are laid transversely across the street with the fibre of the wood vertical. 
They are placed directly on the concrete foundation, which is the practice 
in first-class work, or on a cushion of sand of from ^ inch to f inch deep. 
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The latter system is adopted with a view to reversing the blocks when they have 
become rough or uneven through wear, and thus making the surface smooth 
again. This arrangement^ by which the life of the pavement is prolonged, 
can only be advantageously adopted in streets which have moderate traffic. 
The making of the joint is performed in various ways, the material used 
being either cement grout or a bituminous composition. The wide joint 
which was characteristic of this class of pavement some years ago has, in 
most recent work of this description, been practically eliminated. It is 
generally admitted that wide joints on a level or comparatively level carriage- 
way do not afford any better foothold for horses than paving laid with close 
joints. On gradients, however, it is usual to set the blocks with a ^inch or 
|-inch joint for the safety of horse traffic. 

467. Jointa. — ^When the joints are to be grouted with Portland cement 
or bituminous grout a certain space between the blocks is imperative. A 
joint ^ inch to f inch, according to the conditions, is required, for which 
provision is made by inserting a lath of the necessary width and about one 
inch deep laid on edge at the bottom of the joint and left there. These 
wooden strips or laths, besides providing for the necessary width of joints 
maintain the regularity of the joints, and they are in some instances placed 
at the top of ths blocks and removed when the joints are filled. The cross 
joints are likewise left open, but without the lath. 

The bituminous grout, composed of pitch and creosote oil in the propor- 
tion of 1 Gwt. of pitch to 1| to 2 gallons of oil, according to the quality 
of the pitch, is then poured over the pavement by means of a bucket, the 
joints being filled by brushing the fluid into them or by using a rubber 
squeegee which pushes the liquid over the surface, fills the joints and leaves 
as little of the grouting mixture on the surface of the carriageway as 
possible. 

468. A composite joint is also made use of, and is formed by 
pouring the bituminous composition into the joints so as to fill the lower 
portion of them to a depth of 2 inches ; the remaining or upper portions 
of the joints are then grouted with Portland cement mortar composed of one 
of cement to three of clean sharp sand. 

Many of the soft wood pavements in London are now laid with a close 
joint, to ensure which sledge-hammers are used to drive the paving blocks 
together at every twelfth or fifteenth course. The surface is then flushed 
over with hot tar, which penetrates between the blocks and makes a water> 
proof joint. 

469. The method now generally adopted in laying hard wood pave- 
ments is to dip the blocks on one side and end in a hot pitch composition 
when being laid, and placing them together without any appreciable joint, 
thus making a thoroughly efficient and impervious pavement. The surface 
of the carriageway covering is at times flushed over with the bituminous- 
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mixture so as to make the joints thoroughly secure and at the same time to 
prevent any tendency of the wood blocks to absorb surface water, and thereby 
minimise expansion. A bituminous joint costs about 7d. per square yard of 
paving laid. 

470. In Sydney, New South Wales, where wood pavements, formed of 
different kinds of timber, have been in existence for twenty years, the joints 
were first made 1 inch wide and filled with screenings grouted with tar, the 
whole being finished with a dressing of coarse sand and tar ^ inch thick 
spread over the entire surface. All the wood pavements originally laid in 
Sydney were entirely renewed in 1893, the thoroughfares being relaid wiUi 
black butt and tallow wood.* 

The hard wood blocks are now laid in that city with close joints. They 
are previously dipped in tar and hammered up at every twelfth row, the 
surface being flushed over with boiling tar and sand. In some instances the 
blocks are dipped twice in boiling tar and stacked to allow the surplus tar to 
drain off before they are laid. 

471. The close joints of wood pavement grouted with pitch are of an 
elastic nature, which admits of their yielding to the expansion of the wood, 
thus preventing lateral pressure being transmitted to the channels or kerbs, 
and securing that the arrises of the courses do not become worn and rounded. 
This latter defect, inseparable from a pavement laid with wide joints, forms a 
corrugated or corduroy surface, which has the disadvantage of becoming noisy 
and dirty, and reduces the life of the pavement considerably. 

Portland cement grout requires at least ^ inch space between the rows 
to form a joint, and, being a rigid material, is not capable of yielding to local 
expansion of the wood blocks, hence under certain circumstances the pres- 
sure is transmitted to the channels, and may displace the kerbstones in the 
manner mentioned. The vibration created by heavy wheel traffic at times 
loosens the blocks of a wood pavement which has been jointed with cement 
grout, thus destroying its imperviousness. 

472. There is one distinct property which characterizes a joint grouted 
with cement, and that is, it can be formed in any weather, except during 
frost, which is an advantage towards facilitating the progress of the work ; 
on the other hand, it requires at least six clear days to properly set, which 
is a great disadvantage in most cases. The grout is generally composed of 
Portland cement mortar in the proportion of one of cement to three of sharp 
xslean river sand, the cost of which is, for the width of joint mentioned, about 
6d. per square yard of paving. 

478. The cement grouting on wood blocks has a tendency to set up 
dry rot, which can only be accounted for by the chemical action which takes 
place between the two materials in the joints of the paving. This is 

* "Hard Wood PavementB in Sydney, New South Wales/' by Mr. R. W. Riohards, 
Oity Engineer, Sydney, Proc Assoc Municipal and County Engineers, vol. zziiL 
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a matter of considerable importance which should not be lost sight of. 
Cement grouting makes a wood pavement much more noisy than one 
formed with a pitch composition which is of a slightly elastic nature. The 
arrises of the blocks, especially in wide-jointed pavements, becoming worn 
or rounded, the cement filling is exposed, which soon becomes disintegrated 
by the action of the horses' feet 

As bearing on the matter of dry rot in wood paving, the following 
interesting practical observations on the subject may be given * : — 

"It is worthy of mention that while the above contracts were being 
carried out (construction of two new thoroughfares^ viz., Martin Place and 
Queen Street, Sydney, 1894) it was necessary to remove some of the old 
blocks from the adjoining streets in order to make proper junctions with 
the new works, and, in doing so, it was observed that the effect of a 
cement joint on the timber was most ii^urious, while a bitummous joint 
acted as a preservative. Two cases met with, are deserving of special 
attention, 

" (a) At one end of Queen Street it was necessary to remove a consider- 
able area of pavement which had been laid six years, in which a cement 
joint had been adopted, the width of joint being maintained by iron studs 
projecting | inch from the face of the block ; here it was found that dry 
rot had set in wherever the wood had been in contact with the cement. 
Different kinds of timber had been used, but every block was more or less 
affected. On this being observed, other portions of the pavement which 
had been similarly constructed were examined, but all were found to be in 
the same state; a microscopical examination of the timber thus affected 
showed no signs of fungoid growth. It is therefore assumed that the dry 
rot was a decomposition of the timber brought about by chemical action — 
such as combination of the oxygen in the cement with the carbon in the 
wood, forming carbonic acid gas. 

"(b) At the other end of Queen Street, where blocks were removed 
which had been laid eight years, in which the joints had been caulked with 
a mixture of tar, pitch and basalt screenings, the timber was found to be 
in a perfect state of preservation ; and although the road had sustained a 
daily traffic of approximately 25,000 tons for eight years, it was in almost as 
good a state as when first laid. The blocks, which were originally 6 inches 
deep, made a perfect junction with the new 6 inch blocks, the greatest wear 
observable in the old blocks after eight years' service being ^ inch." 

474. When pitch grout is adopted as the material for forming the joints, 
the blocks can be laid practically close or with a space not exceeding ^ inch 
in width, which, besides making an impervious and more durable pavement, 
prevents the spreading of the fibre of the wood, and admits of a smooth 

* *'0n Atutralian Hard Wood for PaTements,** by W. A. Smith, M.I.O.E., Minutes 
qfProe, o/C. £,, vol. cxvi. p. 264. 
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snrface being retained; while the facility for cleansing th^ pavement is 
greatly increased. 

475. The bituminons compceition being of a slightly elastic oatnrey 
absorbs and equalizes the expansion of the blocks ; it also acts as a pre- 
servative to the wood. One disadvantage, of which mention has been 
already made, is that the joints must be made only when the wood is 
thoroughly dry, wet weather being detrimental to its use. Under these 
circumstances it is usual to cover over the pavement with tarpanlina As 
the bituminous grout hardens almost immediately after the joints are filled, 
traffic may be allowed to pass over the pavement on the completion of the 
work. Special travelling boilers are generally employed for preparing the 
pitch and creosote oil composition ; the mixture, when of a proper consistency 
and in a boiling state, is drawn off in suitable buckets, or into wheeled 
carriers, transported to the pavement under construction, and poured into 
the joints. The usual method (already described) is to dip the blocks into 
the boiling mixture, then lay them in position close together. Pitch 
grouting, with a -^ inch joint, costs about 7d. per square yard of paving, 

476. Expansion Joints. — When wood pavements were first introduced 
into the principal towns in this country, it was the custom to allow 
a wide expansion joint at the kerbs or channels at each side of the carriage- 
way. This arrangement was necessary, partly owing to the use of untreated 
wood, partly to the wide joint between the blocks, and partly to those joints 
being grouted with cement. By creosoting the deal blocks and by extending 
the use of hard woods as a paving material, the necessity for a wide expansion 
joint has been to a great extent obviated. The earlier wood pavements 
generally had an expansion joint at the channels of 1 inch for every 8 or 10 
feet in width of thoroughfare ; this, however, has been gradually reduced, 
and at the present time an allowance of 1| to 2 inches on each side of a 60 
foot roadway is considered sufficient for hard wood pavements when the blocks 
are jointed with pitch grout. The expansion joints are filled up in a 
variety of ways, sand, loam, and clay being the material which was used to 
a considerable extent in the earlier pavements ; but these joints are now in 
most instances filled with a hot mixture of pitch and creosote oil, similar 
to that used in forming the joints of the pavement. Fig. 125 shows a cross- 
section of a wood pavement. 

477. The merits and demerits of close and wide joints, from a maintenance 
and sanitary point of view, and as affording a good foothold for horses, has 
in recent years been carefully investigated, and practical deductions have 
been drawn from the observations made. 

The generally accepted opinion — ^that wide joints afford greater safety for 
horses travelling over the pavement on a level or comparatively level road- 
way — ^is not borne out by actual experience in the use of these differently 
constructed pavements. Where wide joints have been adopted the effect of 
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the hoof and wheel traffic Has been to spread and dismtegrate the fibre of 
the wood blocks, rounding the edges and forming a corduroy surface. This 
evil increases with the width of the joint, and bb a consequence the pavement 
is reduced to a etate of disrepair long before the blocks are worn out, aud 
the life of the pavement ia Diaterially reduced. 

Unuecessanly wide joints retain a large quantity of dirt, produce a noisy 
pavement, and increase the expense of cleansing the surface. Imperfect 
scavenging of a wood pavement produces a greasy film on the surface in dry 
weather and slimy slop after rain, consequently the pavement becomes 
slippery. This serious defect can only be effectively obviated by washing the 
carriageway with water and the occasional application of sand to render it 



Fro. 126.— C^oM-sectionofwocB^pavflment■ 
fit for either pedestrian or vehicular traffic. When these objcjctionable con- 
ditions exist, combined with the disagreeable odours emitted under such 
circumstances, they add greatly to the discomfort of those using the 
thoroughfare. The essentials for a satisfactory wood pavement may be 
summarized thus : it should be properly constructed, carefully maintained 
aud renewed at frequent intervals, and efficiently scavenged. 

478. The relative lifetime of soft and hard woods as paving materials 
cannot as yet be given with that certainty which in the light of longer 
experience will be made possible. On many of the tboronghfarea in London 
subject to heavy and continuous traffic where soft wood has been in use for 
a number of year», the actual life or duration of the pavement, before 
renewal becomes necessary, is considered to be from seven to eight years. The 
first pavement of Australian hard wood has only been in use smce 1889, and 
b at the preseut time in good condition, so that the life of this class of 
paving material may be estimated as at least twelve years. 

In Sydney, New South Wales, the lifetime of the hard woods, such as 
bkck butt and tallow wood, on carriageways subject to very heavy traffic is 
considered to be twenty-one years. " In one of the busiest thoroughfares of 
that city where wood blocks were laid thirteen years ago (1881) and which are 
at the present time (1893) in a perfect state of preservation, the blocks have 
only been worn down ^ inch ; judging from their present condition, there 
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appears to be no reason why they should not do good service for another ten 
years." * 

It is also stated that Queen Street (Sydney), paved vnth wood and sus- 
taining a daily traffic of approximately 25,000 tons, showed ^ inch as the gross 
result of eight years' wear (when some of the blocks were removed). This 
thoroughfare is 100 feet wide and situated on gradients of 1 in 22 and 
1 in 24. The yard tonnage is therefore approximately 256,000 tons pex 
annum. 

Later carriageway pavements in Sydney f " laid upon a good foundation 
of concrete with New South Wales hard woods, with slape or butt joints, 
with convexity of 1 in 60 or 1 in 80, as the longitudinal gradient may 
suggest, properly cleansed and maintained, is the best and most suitable 
form of pavement for heavy and continual traffic ; and that the best timbers 
for such work are tallow wood, black butt, blue gum, red gum and 
mahogany. These timbers, having been so laid in Sydney streets, have, 
upon examination, shown wear at the rate of from ^nr ^^ Fir ^^^^ P^' annum, and 
have not required repairs of any kind whatsoever. The cost of the iirst wide 
jointed pavement, including all labour, materials, etc., was about 27s. per 
yard super., while recently, pavements with the close joints in Sydney cost 
158. 6d. per yard." This difference in cost is accounted for by the greater 
quantity of pitch in the wide joint, the consequent larger amount of labour 
required, and the higher wages paid for laying the blocks when first 
introduced. 

" Twenty-one hours' observation show that 350 veliicles per hour pass at 
King and George Streets, Sydney, with a width of carriageway of 36 feet. 
On a width of 74 feet in Greorge Street South, they pass at the rate of 500 
vehicles per hour, and you can estimate each vehicle as representing one ton 
on an average.'' 

It will be apparent, from the relative wear of deal and hard wood 
pavements in the towns of this country, as indicated by the statistics now 
available, that the Australian hard woods last longer when the blocks ate 
laid close together with impervious joints. It is, of course, generally 
admitted that the life of Australian hard woods is considerably longer than 
that of deal, but much depends on the method adopted in laying the pave- 
ment, the amount and weight of traffic passing along the thoroughfare, the 
gradient and other circumstances of a local nature. 

479. The amount of wear of hard wood paving blocks in different 
thoroughfares in the city of London, with the approximate extent and class 

* "Australian Hard Woods for Pavements/' by Mr. W, A. Smith, M.I.C.E., Proe, 
Insl. Civ. Engineers, vol. cxvi. p. 266 (1894). 

t **Hard Wood Pavements in Sydney, New South Wales," by R. W. Richards, 
A.M.I.C.E., Proc, Assoc. Municipal and County Engineers, vol. xxiii. 
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of the traffic passing over them, and also the comparative Wear where a soft 
wood paving had previously existed, will now be given. 

Observations made on the wood pavement in Westminster Bridge Boad 
ehowed that the amount of wear of the Jarrah blocks was, during a period 
of seven years, equal to from 1^ inch to 1^ inch, or about ^ inch to ^ inch 
annually.* 

The traffic going towards Westminster over this thoroughfare is giveu as 
-334 tons per foot in width of road in twelve hours, from 6 a.m. to 6 p.m. 
(see Nos. 1, 7, and 8, in Table XLIX.). 

The following detailed statistics on the wear of hard wood paving and 
the weight of traffic passing over several carriageways in the Vestry of 
St. Pancras^ London, give most valuable information on the subject, t 

"Between February 23 and March 11, 1893, a portion of the western 
«nd of Euston Road was repaved, and, with the special object of proving the 
durability of the different timbers employed, the length in question was 
paved in four blocks. From the line of the south side of Southampton 
Street, a length of 63 feet was paved with Jarrah, the next length of 63 feet 
was paved with yellow deal, the next length of 62 feet was paved with 
Karri, and a closing length of 49 feet with yellow deal." 

"The wear upon these different lengths has been recently measured 
(1896) and may be taken as &t three years from the date of laying. It 
proves to be ^ inch on the Jarrah, ^ inch on the Karri, and If inch on the 
•deal blocks. These measurements were taken in the centre line of traffic, 
^here the wear might be regarded as greatest, and at about the centre of 
each length of wood. It was found that the reduction in depth was the 
«ame on both sides of the road. These figures are equivalent to ^ inch per 
-annum on the Jarrah and Karri, and ^^ inch on the deal, and the relative 
rates of wear are as 1 to 6." 

"The results (record of the traffic during seven days, July 1895) showed 
^hat during the seven days, 110,977 tons of traffic, i,e, vehicles and their 
loads, not including horses, passed along this portion of the road ; this may 
be taken as equal to 5,770,800 tons per annum, or 575,544 tons per yard in 
width per annum. The omnibus traffic during the week amounted to 8575 
tons, or 7'72 per cent, of the total traffic. 

"Observations both as to wear and traffic were also obtained upon 
another length of Euston Road, at St. Pancras Church. This portion of the 
road was paved with Jarrah blocks between April 30 and May 24, 1894. 
The road has therefore been under traffic for say If years, and the wear has 
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Hard Wood Paving," by J. P. Norrington, A.M.LC.E., Engineer and Surveyor, 
Lambeth Vestry, London, Proc Assoc, of Municipal and County Engineers, vol. xxii. 

t " Wear of Hard Wood Paving and the Weight of Traffic thereon," by W. Nisbet 
Blair, A.M.LC.E., Vestry Surveyor, St Pancras, Froc Assoc, of Municipal and 
^owUy Engineers, vol. xxii., 1895-96. 
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been very carefully measured upon an opportunity afforded by a water trench 
which completely crossed the road from kerb to kerb. The blocks were 
exactly 5 inches deep when laid, and the wear is shown upon the diagram, 
the greatest reduction being ^ inches at 12 feet from the kerb on tiie south 
side, and ^ inches at about the same distance from the north side. The 
greatest wear is therefore '18 of an inch, or less than ^ inch per annum. 

" The record of traffic taken near this trench, at a point where the road 
is 38 feet 4 inches wide, shows that during seven days from August 26 to 
September 2, 1895, 101,063 tons passed in the week, or 5,255,276 tons per 
annum, or 411,318 tons per yard in width per annum. The weight of 
omnibus traffic included in the above is 32,113 tons per week, which is 
equal to 31*8 per cent, of the total weight of traffic. The total number of 
vehicles during the week was 67,153, of which 12,677 were omnibuses, 
their proportion being 19*0 per ceut. of the total number. 

" The author has referred to weight of omnibus traffic as distinct from 
the remainder, as he believed that the effect of omnibus traffic upon a road- 
way is very much greater than an equal weight of general traffic, and it 
remains to be seen whether the second instance described, with 31*8 per 
cent, of omnibus traffic, wears better or worse than the first case, where 
omnibus traffic is only 7 '72 per cent., though the total traffic is 40 per cent, 
greater in the first case than in the second." 

Other thoroughfares in the St. Pancras district have been paved with 
Jarrab, over which the traffic is very considerable ; the wear, it is stated, 
does not appear to have been as much as \ inch ; the amount of traffic has 
not, however, been recorded in these instances. 

Further interesting figures in tabular form relative to the wearing 
capacity of hard wood paving are also given, referring to some of the 
thoroughfares in the Lambeth Vestry,'^ already mentioned. 

* "Hard Wood Paving," by J. P. Nomngton, A.M.I.C.E., Saryeyor, Lambeth, 
Proc. Assoc, of Municipal and County Engineers, vol. xxii. 
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Tart.f. XLIX. 








Wood. 


1 

1 

t Locality. 


Date Laid. 


Years' 
Wear. 


Loss. 


Loss per 
Annum. 


1. Jarrah, 




Westminster Bridge Road, . 


May 1889 


Nearly 7 


IJ in. 


•1607 in. 


2a. Karri,. 


{ 


CrossiDg Lower Harsh, 6 feet \ 
from side, / 


Nov. 1890 


5i 


i ..• 


•046 „ 


26. „ . 




Crossing Lower Marsh, centre. 

Crossing Lower Marsh, 6 feet \ 

from opposite side, j 




5J 


18 If 


•01126 „ 


2c „ 


1 




5i 


A.. 


•0337 „ 


2d. Jarrah, 




Lower Marsh, 6 feet from side, 




5i 


i .. 


•046 „ 


26. „ . 




Lower Marsh, centre, . 




64 


i » 


•046 „ 


2/. „ . . 


{ 


Lower Marsh, 6 feet from\ 
opposite side, J 




5J 


i >. 


•02276 „ 


3. Blue gum, 


■{ 


Waterloo Road (beyond Sta- \ 
tion), / 


Oct. 1894 


16 mths. 


Tt ft 


•047 „ 


4. Black butt, 




Do. do.. 


Sept. 1895 


5 „ 


Nil. 


Nil. 


6. Strinay barl 
6. Jarrab, 


^ 


Do. do.. 


Oct. 1894 


16 „ 


^iii. 


•047 „ 


 


Lambeth Walk, . 


Sept. 1889 


64 


i ,. 


•06769 „ 


• • *i • 


 


Westminster Bridge Road, . 


May 1889 


Nearly 7 


U ,. 


•1607 „ 


8. )i • 


• 


Do. do. do., 

1 


1) 


}> 


ItVm 


•16178 „ 



Observations have been made by Mr. C. Mason, Surveyor, St. Martin's 
Vestry, London, in the Strand, at West Strand Post Office, \7here yellow 
deal, which had been previously laid, was worn down 4^ inches in twelve 
months. This particular portion of the thoroughfare is a stopping-place for 
omnibuses, which pass there to the number of between 300 to 400 per hour, 
and it is subjected to an enormous amount of hoof and wheel traffic, besides 
the injurious effect resulting from skidding the wheels of these vehicles. 

The yellow deal pavement at this point was replaced with Jarrah first 
and then Karri wood, the former being worn down to the extent of | inch per 
annum, while the latter timber is being reduced by wear at the rate of 
^ inch annuaUy. In another part of the Strand, near Exeter Hall, Jarrah 
is worn down ^ inch per annum, while the yellow deal which it replaced 
lost 2^ inches in four years or f inch annually. 

480. In the following table,* prepared and classified by G. H. Stayton, 
the additional information in regard to the total amount of traffic passing 
over the particular thoroughfare reduced to a standard is given, along with 
the comparative wear and other particulars relative to soft wood pavements. 



* MinuUs Proc, Inst. Civ. JEngineers, vol. Ixxviii., Part 4, p. 280. 
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Table L. 







Weight 
pervard 
width per 

day of 
16 hours. 




ComparaiiTc annual 


Situation. 


System. 


Depth of 
annual 
wear of 


wear uf wood as re- 
duced to a traffic 
standard of 760 tons 






wood. 


per yard widtb per 
diem. 






Tods. 


Inch. 


Inch. 


1. Fleet Street, . 


Asphaltic, 


1860 


0-456 


0-251 


2. Ladgate Hill, . 


Improved, 


1286 


0*428 


0-259 


8. Oxford Street, . 


Henson's (East Section), 


1191 


0-191 


0-120 


4. Fleet Street, . 


Benson's, 


1165 


0*269 


0-178 


5. Oxford Street, . 


Plain, .... 


1164 


0-475 


0-806 


"• >f If 


Asphaltic, 


1187 


0-484 


0-819 


7. Parliament St., 


Improved, 


1106 


0-164 


0-104 


8. LeadenhallSt., 


Henson's, 


1000 


0-264 


0-198 


9. Oxford Street, . 


,, (West Section), 


985 


0*829 


0-250 ' 


10. ,, 2* * 

11. LeadenhallSt., 


„ (Central), 


948 


0-328 


0-266 


Improved, 


808 


0*200 


0-186 


12. Brompton Rd., 


Asphaltic, 


648 


0-878 


0-431 


18. King's Road, . 


Improved, 


60S 


0-157 


0-196 


14. Brompton Kd., 


Henson's, 


584 


0-184 


0-286 


15. Edgeware Rd., 


Plain, .... 


584 


198 


0-264 


16. Regent Street,. 


Asphaltic, 


558 


0-286 


0-884 


17 


Lloyd's, 


558 


0*214 


0-288 


18. King's Road, . 


Improved (pitch pine), . 


558 


0-089 


0-119 


ly. ,, ,, . 


Plain .... 


551 


0-144 


0-196 


20. „ ,, . 


Plain (asphalte bed), 


498 


0-189 


0-209 


Zl. ,, ,, 


Plain (pitch pine), 


468 


055 


0-088 


22. ,, ,, 


Creosoted blocks (mastic 










joints), 


434 


0-189 


0-240 


28. ,, ,, . 


Creosoted blocks (lime 










joints). 


407 


0-111 


0-204 


24. Sloan e Street, . 


Plain 


279 


0-065 


0-176 



In the course of a few years positive information as to the relative wear- 
ing capacity of the Australian and the other hard woods now employed will 
be available, when a more direct comparison of the life and ultimate cost of 
the different descriptions of wood used for carriageway pavements may be 
expected. 

481. Cost of Wood Pavements. — Tlie cost of laying a soft or hard wood 
pavement depends on circumstances, the work being for the most part 
carried out by contract ; only in a few instances is the timber bought at so 
much per load, cut by machinery into blocks of suitable size, and the work 
carried out by the local administration. The price of yellow deal cut to size 
varies from £6 to £7 per 1000 blocks, and for Jarrah and Karri from about 
£6 to £8 per load, although the prices fluctuate considerably at times. The 
number of blocks, 3 inches by 5 inches by 9 inches, which can be cut from a 
load is estimated at 640, and, including handling and cost of cutting, the 
price may be taken at from £10 to £11 per 1000 blocks for Jarrah, and 58. 
less for Karri. The cost of the pavement is, however, generally stated at so 
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much per square yard, and may vary from 78. to 8s. for deal, and from lis. 
to 13fl^ for Australian hard wood laid on existing foundations. These 
prices are further influenced by the method adopted in laying the paving, 
width of joint, and the description of material used, as may be gathered 
from Table LII. 

A very complete and interesting summary of statistics of actual cost 
relative to hard wood paving laid in the Lambeth district is given by Mr. 
Norrington,* which also gives the area paved and date when laid in different 
thoroughfares. Table LI. 

Table LI. 
Shotaing particulars of certain wood pavements in London. 





Area in 


Date 
laid. 




Cost, 




Locality. 


square 


Cost of work. 


per yard 


Remarks. 




yards. 


Ammm\M% 




8ni)er. 










£ 8, d. 


s. 


d. 




Westminster Bridge Road, . 


1 

1,960 


1889 


1,096 11 9 


11 


8i 


/ New, renlacing 
\ macaaam. 


Lambeth Walk, . 


4,956 


1889 


8,095 6 1 


12 


6 


Ditto. 


Lower Marsh, etc., New Out, 


8,728 


1890 


5,254 9 1 


12 


Oi 


Ditto. 


Oakley Street, 


3,656 


1890 


2,216 9 


12 


U 


Ditto. 


Brixton Road, Brixton Hill \ 














(part of), Eennington Park - 
Road (part of), . j 


81,175 


1891-8 


28,944 


15 


4Jt 


Ditto. 


Stamford Street, . 


4,700 


1892 


2,628 8 8 


11 


2 


} Relay, replac- 
} iuK deal. 


York Road, .... 


7,000 


1898 


8,962 5 7 


11 


Bi 


Ditto. 


Brixton Hill (part of), . 


1,112 


1898 


798 19 10 


14 


H 


( New, replacing 
\ macaaam. 


Albert Embankment, Lam- 1 
bethRoad, . / 


5,474 


1898 


8,676 2 9 


13 


5i 


J Relay, replac- 
} ing deal. 


Westminster Bridge Road, . 


7,010 


1894 


4,159 5 8i 


11 


10 


( New, replacing 
\ macadam. 


Kennington Road, 


21,878 


1894 


14,084 4 6i 


12 


lOi 


Ditto. 
( Jurah, stringy 
1 bark and 


Waterloo Road (part of), 


1,014 


1894 

1 
1 


522 7 7 


10 


84 


^ blue gum, 
relay part, 
L and part new. 


Upper Kennington Lane, 


10,852 


1894 \ 
1895/ 


8,158 


Q 


1 


Relay, renlac- 
iDg deal. 


Lower Kennington Lane, 


7,574 


w 


X 


Waterloo Road, . 


12,485 


1895 


6,512 2 1 


10 


6i 


\ Part new and 
( part relay. 


Kennington Park Road, 


4,888 


1895 


2,801 12 6 


12 


11 


f New, replacing 
\ macaaam. 


Clapham Road, . 


16,295 


1895-6 

> 


10,868 16 8 

1 


18 

1 


4 


Ditto. 


149,662 


1 
1 



 "Hard Wood Paving," by J. P. Norrington, A.M.I.C.E., Vestry Surveyor, 
Lambeth, London, Proe. Assoc, of Municipcd and County Engineers, vol. xxii. 
t This includes cost of relaying footpaths, etc. 
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Tabls 



Kamb of Towns. 



1. London— Hammenmith, . 



11 
11 



»» 
«» 



M 



II 



Holborn, . 
Lambeth, 

Mile Snd,01d Town, 
Shoreditch, . 



Stoke Newington, . 

Strand, 

St. Martln'8-in-the- 
Fleld, Charing 
Cro88, . 

St. Mary, Islington, 

St Pancraa, . 

Whltechapel, 



First cost per sqoare yard. 



14s. 2d. inclndlng foundation. 



14s. Od. 
328. to 14s. 

(Not any.) 
14s. 



II 
II 



II 



14s. 9d. hard, lis. 6d. soft. 



8s. on old foundations. 



10s. 



II 



2. Glasgow, 



8. Liverpool , 
4. Mandiester, 

6. BlrmlDgham, 

6. Sheflleld, . 

7. Belfast, . 

8. Bristol, . 

9. Edinburgh, 

10. West Ham, 

11. Dublin, . 

12. Bradford, 



IS. Newcastle-upou*Tyne, 
14. Leicester, 



16. Bolton, 



16. Dundee, . 

17. Aberdeen, 

18. Birkenbead, . 

19. Southampton, 



« • • 



• • 



• • 



10s. to 128. hard, 7s. 6d. to 9s. soft on old 

foundations. 
188. 6d. including foundation. 

lis. hard, 9s. soft on old foundation. 

128. 6d. to 16s. including foundation. 



13s. 6d. to 18s 
148. to 158. 



II 
II 



lis. on old foundations. 

Us. 6d. 

(Not any.) 

17b. 6d. hard. Us. soft, including foun- 
dation. 
17s. hard, including foundation. 

15s. 6d. including foundation. 
13s. „ 

17s. 6d. hard, 128. 6d. soft, including 
foundiition. 

15s. including foundation. 
14s. 6d. 



II 



II 



12s. 6d. 



II II 



(Not any.) 
(Do.) 



Kind ot foundation and aiao 
of paving blocks in inchcsL 



P. c. concrete 6 in. deep, 8x6x9, 
J.,B. 



P. c concrete 6 in. deep, Sx5x9, J. 
6 „ Sx4|x9,J. 



ti 



P. c. concrete 6 in. deep, 5 la. de^p, J. 



II 6 

J. and T. D. 



II 



Sx4a]id5x9^ 



P. c. concrete 12 in. deep, 3x6x9i. 
E. W. 



P. c. concrete 6 in. deep, Sx5x9. 

mostly Y. D. 
P. c. concrete 6 to 7 in. deep, 8x4^ 

J. and T. D. 
P. c concrete 6 in. deep, 3x6x9l 

J.K. 
P. c concrete 6 in. deep, 3x5x9l 

J., Y. D. j 

P. c concrete 6 in. deep, 8x5, J., E., 

P. P. ' 

P. c concrete in. deep, varloias. 

„ 6 „ 8x6x6 to 

11, B. 
P. c. concrete 6 in. deep, 8x6x9l 

Y. D. « -» 

P. c. concrete 6 to 9 in. deep, 8x6x9, 
mostly Y. D. 

P. c. concrete 6 in. deep, 8x5x9, J., 

K., O., Y. D. 
P. c. concrete 6 in. deep, 8x5x9, 

V • , JtL. , 1 . 

P. c. concrete 6 in. deep, 5 in. deep, J. 

B.W. ® " *''*'*'• 

P. c. concrete 6 in. deep, 3x6x9, 
J., &, w, 

p. c. concrete 6 in. deep, 3x6. 

„ 6 ,, 4 in. deep, K. 



II 



6 



3x6x9,Y.D. 



14s, hard, 98. 6d. to lOs. 6i. soft, includ- , P. c. concrete 6 in. deep, 4x6, J., 



I 



ing foundation. 



Y. D. 



20. Wolverhampton, ... 

21. Coventry (Not any.) 

22. Bury ISs. including foundation. 

28. Hanley 12b. „ „ 



P. c. concrete 6 to 9 in. deep, 8x5, B. 
„ in. deep, 8x6, B. 



Reference Table as to Diffbbent 
B. Beech. J. Jarrah. K. KarrL O. Oak. P. P. Fitch Pine. 
* This table is compiled from different sources, chiefly from Articles 
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LII.* 





Description of 
grouting. 


Annual cost of maintenance per 

square yard : (al repairs; (6), 

cleansing and watering. 


Estimated life Of 

wood paving 

under heavy 

trafflc. 


BEXARKS. 




Dipped in pitch and 
creosote oil, and laid 


(a) 
First 6 or years 


<b) 


J., 12 years. 






nil. 


afterwards 










with dose Joints. 


wiii 
id. 


▼aiT from 
to 2d. 










BItnminons pitch. 


m • 


• • 


• • • • 


About 80 years. 






Pitch and creosote. 


• • 


• • 


• • • • 


Laid for 10 years. 


Id good condition (exceedingly 
heavy traffic). 




Blocks dipped in bitnmi-  
nons miztore, grouted 
with P. c. grout 


• • 
 • 


• • 

m • 


« • • • 
• • • • 


Not yet ascer- 












tained. 


















Pitch and P. c grout for 




M. 


2d. 


8 to 10 years. 


Maintenance cost estimated 




hard wood ; P. c. grout 










for first three years. 


for loft wood. 












Bitmnlnons maiUo and 




is. 


• • • • 


8 to 10 years. 


blocks dipped in creosote 




P. c grout 










before using. 




Pitch, tar, and P. c. 






• • •  


6 to 12 years. 


Softwood creosoted 6 years 




grout 










in Strand ; heavy trafflc 




Bitominous. 






• • • • 


DeaietoS; J. pro- 
bably 10 years. 






Fitch and creosote oil. 






• • • • 


6 years old (laid be- 


Heavy traffic; received first 




Fitch, tar, and naphtha. 






41d. 


ginning of 1808>. 
Soft wood, 4 years; 
hard, 8 years. 


repair 1899. 




Bituminous. 




, , 


• • . . 


About 6 years. 






Pitch and creosote oil. 




Varies. 


Varies. 


10 to 15 years. 






Fitch, tar, and sand. 




4d. 


• • • • 


15 years. 


Blocks creosoted and reversed 
after being worn. 




Portland cement 


7d.to9d. 


4d. 


10 years. 


(a) Under contract for 21 years, 














including all repairs. 




Dipped in pitch and 
grouted with P. a 


 • 


• • 


• •   


7 to 10 years. 






Dipped in tar and grouted 
with P. c. 


« • 


lOd. 


• • • • 


About 8 years'.' 


Heavy traffic. 




Asphaltic or cement. 


•  


• • 


•  • • 


About 12 years. 






Fitch. 


 • 


•  


• • • • 


 • • • 


Only been laid a short time. 




Asphaltic and cement 


• m 


• • 


• •  > 


About 8 years. 


Paving been down from 7 to 11 
years without much repairs. 




Fitch, tar, and grouted 


• • 


• • 


«  •  


Soft 7 years, hard 


tExpected to last these number 




with cement and chip- 
pings. 
Boiling pitch and tar. 








14 years.! 


of years. 




 * 


• • 


.. 


About 18 years. 
Soft wood 7 years. 






Fitch and tar. 


• • 


• • 


•  • • 


Jarrah, and deal also used. 












hard wood 12 


creosoted. 












years. 






P. cement and fine 




ed. 


• • • • 


10 years. 






graTel. 


.. 


•  


* • • • 


 • • • 






• • • • 

« • • • 


•• 

  


• • 


• • • • 


• • • • 

* • • • 


Laid only to a limited extent ; 
too small for comparison. 




Pitch and tar, and P. 


• ft 


•  


4d. 


• •  » 


Not long enough down to 




cement. 










give results. One seotlon 
under light trafflc, and re- 
newed after 16 years. 




•   • 


* • 


  \ 


 • • > 


 • • • 


Only recently laid, informa- 
tion therefore not available. 




Pitch' and P. cement 


• • 

 • 


  


« • • • 


> • •  

15 years. 


Blocks creosoted. 




Creoeoted oil and pitch, 


• • 


• • 


* a •  


12 „ 


Ditto. 


1 and P. Mment. 













Kinds of Wood Employed. 

B. W. Bed Wood. T. Tallow Wood. Y. D. YeUow DeaL 

in Th9 Municipal Engineer and SurveycTf by Mr. H. Bichardson (1899). 
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The partiQulara given in Table LII. show in a comprehensive manner 
the class of wood used and the method adopted in forming the joints 
in laying wood pavements in the principal cities and towns in the kingdom, 
with the cost and amount of annual repairs and the life of the paving 
blocks so far as can be obtained. The towns are arranged according to the 
population. 

482. From the figures given in the preceding table it appears that the 
average life of soft wood paving in the busiest thoroughfares in London is 
about 6^ years, and for Australian hard woods, which are not worn out 
yet, it is estimated at ten years. The cost of paving, assuming the existing 
foundations to be sufficient, is 8s. for deal, and lis. for Australian hard 
woods per square yard. 

The annual expenditure for repairs during the lifetime of the pavement 
must necessarily be a variable item, although it must obviously be lees for 
hard wood paving, but in the following calculation it may be assumed to 
be the same in order to allow of comparisons. 

The relative wear and annual cost of pavements, taking the life or 
service of soft wood at seven years, and Western Australian hard woods at 
twelve yearfi, exclusive of annual repairs and cleansing, will therefore be 
as follows. 



Soft Wood 
Pavements. 


First cost 8s. per square yard 

(exclusive of foundations), 

life service 7 years. 


First cost per annum 
dnring life of 

pavement. 

1 


13*23d. per square yard. 


Hard Wood 
' Pavements. 


First cost lis. per square yard 
(exclusive oi foandation)| 
life service 12 years. 


First cost per annum 

dnring life of 

pavement 


ll'Od. per square yard. 



This clearly shows a saving in favour of hard woods, and that economy 
may be effected by paying a higher price for a more durable material, as also 
that a hard wood pavement with twelve years' life, estimated by wear, is 
equivalent to a soft wood pavement having seven years' service. 

Table LIII. gives the total expenditure and amount of the average 
annual payments on the first cost of the work, but exclusive of foundations, 
repairs, and cleansing, for soft and hard wood pavements on a carriageway 
1 mile long and 40 feet wide. 
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Table LIII. 



Description of 
wood {MTemeiit. 


One mile of 
roadway, 40 ft. 

in width, 

area in square 

yards. 


Price 

per 

square 

yard. 


Total cost. 


Doration of 
pavement. 


Average annual cost 

of repayment of loan 

at 8^ per cent, spread 

over period of duration 

of wood. 


Deal creosoted, 
8 in. X 5 X 9, 

Jarrah, 8 in. 
x5x9, . 


23460-8 
28460-8 


88. 

11«. 


£9884-82 
12903*44 


7 years, 
1 2 years. 


£1270 2 7 
883 17 7 



If the repairs and cleansing be taken into account there can be no 
doubt as to there being a further considerable annual saving in the case 
of hard wood, and although the first cost is greater, hard wood pavements 
are less expensive in the long run, particularly where vehicular traffic is 
heavy. In addition to this there is a considerable advantage, especially in 
busy carriageways, of the thoroughfare being less frequently closed for 
renewals, which is a matter of great importance to business people, shop- 
keepers and others. 



CHAPTER XL 



ASPHALTS PAVEMENTS. 



483. Asphalte pavements for carriageways were introduced into London 
in 18G9, having been used in Paris as early as 1854, where their applica- 
tion became general in 1867. 

The principal sources of supply of bituminous or asphaltic rock, which 
is a natural stone consisting of fine carbonate of lime impregnated with 
bitumen or mineral pitch of a liver brown colour, are Val de Travers, in 
Switzerland : Seyssel, in France ; Limmer, in Hanover ; and also some Sicilian 
mines. The pitch lake in Trinidad supplies the bitumen from which the 
best artificial asphaltes are made. 

The asphalte chiefly used for carriageway pavements in Europe has 
hitherto been obtained from Yal de Travers and Limmer ; that made from 
Trinidad pitch, although more or less a failure when first introduced into 
this country, is now being extensively laid in London, and that it is the com- 
position best suited for withstanding the heavy and continuous wheel traffic 
and climate appears now to have been satisfactorily determined. 

484. In Canada and the United States, Trinidad asphalte only is used 
in the principal cities and towns ; over 30 million square yards have been 
laid, the length of carriageways so paved being approximately 2000 miles. 

It appears strange to remark, as already observed, that the earlier Trinidad 
asphaltic pavements in Europe were not successful, and also that the 
thoroughfares laid in Washington, U.S.A., made from European bituminous 
limestone, were likewise failures. 

The latter kind of pavement, laid in Pennsylvania Avenue and other 
thoroughfares in Washington, was, after a few years' wear, replaced by Trinidad 
lake asphalte, which has remained for a considerable period of time in an 
efficient and smooth condition. 

485. These pavements are now laid only in a compressed form, mastic 
asphalte (as generally understood), which was used for carriageways at one 
time, being now a thing of the past. In the bituminous lock pavements the 
material is first broken to about 3-inch cubes, then pulverized by being 
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passed through a diBiDtegrator and leduced to a fine powder, which will pass 
through a sieve having a mesh equal to 0*10 of an inch. In this con- 
dition it is ready for use, but it has to be heated before being applied to form 
the street covering. 

In the case of Trinidad asphalte, the crude bitumen obtained from the 
pitch lake is refined so as to eliminate the water and vegetable matter con- 
tained in it. This refined bitumen, which becomes hard when cool, is con- 
verted into ' asphaltic cement,' by adding a small quantity of residuum oil 
of petroleum, which gives the mixture a certain amount of plasticity. This, 
added to sand and powdered limestone, forms the asphaltic composition. It 
cements these ingredients together when mixed hot, the proportions being 
regulated according to the quality of the 'asphaltic cement' and the 
character of the sand ; if this is of a suitable nature, the limestone dust is 
dispensed with altogether. The climate of the particular town in which the 
pavement is to be laid has also a considerable influence on the relative pro- 
portions of the ingredients in the mixture. 

Generally the proportions may be taken as follows : — 

Asphaltic cement, 14 to 17 per cent 

Sand, 81 to 68 „ 

Stone dust, 5 to 15 



100 100 



tt 



I) 



486. Contour and Oradients. — As asphalte pavements are extremely 
smooth, surface water is easily drained from the thoroughfare ; consequently, 
an excessive rise, or even the amount generally given to a pitched or wooden 
pavement, is unnecessary, a rise of about ^ to yj^ of the width of the 
carriageway being in most circumstances sufficient. It is not advisable to 
lay a limestone rock asphalte pavement steeper than 1 in 50 or 1 m 60, and 
Trinidad asphalte 1 in 25. On steeper gradients they aiford but little foothold 
for horses, and are consequently not safe to travel over. 

487. Foundations. — A solid unyielding foundation is indispensable for 
all asphaltic pavements. It should be laid in a similar manner to that 
described for a pitched or wooden pavement. Considering that the thickness 
of the asphalte is only about 2 inches, it is essential that the concrete be 
of first rate quality ; while in some cases the depth may be advantageoosly 
increased to 9 inches to the desired contour, and floated with cement mortar. 

488. Compressed asphalte has hitherto been the name applied to bitu- 
minous limestone rocks which are reduced to a powder, then laid on the 
concrete foundation, rammed with punners and subsequently rolled until 
thoroughly compressed. Trinidad asphalte is treated in a similar manner 
by being compressed first with light rollers, and subsequently with heavier 
ones. Specifications now generally state that the work is to be of rock 
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asphalte or Triuidad asphalte, as a means of distingaisking these different 
materials, both of which are compressed pavements. 

489. The natural rock for carriageway pavements consists of carbonate 
of lime and mineral bitumen in variable proportions, that containing from 
7;to 12 per cent, of the latter being best suited for paving purposes. Should 
the asphalte contain less bitumen than 7 per cent., it becomes too brittle 
and is liable to crack; therefore it is deficient in binding properties. If 
the proportion is greater than 12 per cent, the asphalte will be too soft, and, 
consequently, easily affected by solar heat. 

The specific gravity of bituminous limestone asphalte varies according 
to the proportion of the bitumen it contains, but the average may be taken 
as 2*25, and the weight of a cubic yard 3874 lbs. 

The method of carrying on the operations of laying rock asphalte is to 
heat the powder in revolving cylinders to a temperature of about 280° Fahr., 
in order to evaporate the superfluous moisture, care being exercised to keep 
the particles as free as possible, so that they will remain separate without 
being calcined. Asphaltic rock containing from 9 to 10 per cent, of bitu- 
men is that most suitable in all circumstances. The powder thus heated is 
conveyed to the carriageway, where the asphalte pavement is to be formed, 
in iron covered carts, this being necessary, so that it may not lose more than 
twenty degrees of heat during transit and may retain its property of adhering 
under compression. 

490. As the surface of the concrete foundation must be perfectly dry 
when the asphaltic powder is spread upon it, this work can only be accom- 
plished during suitable weather. Dryness is absolutely essential, as the 
best asphalte laid upon damp concrete draws up the moisture, which is con- 
verted into steam by the heated powder ; the steam escapes through the 
asphalte, so that fissures appear when the surface begins to wear. When 
the ingredients are mixed in wrong proportions, the pavement creeps and its 
surface becomes wavy. Neglect of these matters led to failure in many of 
the earlier attempts to construct a satisfactory street covering with this 
material. 

491. Spreading the Asphalte Powder. — The heated powder is spread to a 
depth of about 3 inches upon the concrete foundation, and raked so as to present 
a layer of regular depth and uniform surface. The powder is then rammed 
with iron disc-shaped punners^ weighing about 10 lbs., heated to prevent the 
adhesion of the powder. The punning should be performed lightly at first 
to ensure an equal thickness of the material, and the force of the blows 
subsequently increased until the whole is solidified. The pavement is then 
smoothed with suitable curved hot iron tools, and finished with a hand 
roller weighing about half a ton, the process being repeated so as to 
compress the asphalte to the required thickness of 2 inches, and until it is 
quite cool. 
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A light sprinkling of sand is generally thrown over the finished surface, 
a few hoars after which the pavement will be ready for traffic. 

In the case of asphalte pavements laid with bituminous limestone 
powder, as described above, the ultimate consolidation does not take place 
till some considerable time after the thoroughfare has been opened to 
traffic. It is not until then that the actual wear of the pavement com- 
mences. 

492. Trinidad Asphalte. — This asphalte is generally laid on a Portland 
cement concrete foundation similar to that for other kinds of carriageway 
pavements, and upon this a bituminous concrete course may be advan- 
tageously introduced, the wearing surface being united to it in one mass, 
preventing, or at all events minimizing, the forming of a wavy surface and 
cracking. 

In addition to concrete foundations, existing pitched and dobblestone 
pavements and also macadam roads may be used for carrying the asphaltic 
wearing surface. This is accomplished by first cleaning out all earth and 
soft material from the joints ; the surface is then brushed and watered to 
receive a grouting of cement or hydraulic mortar, and to fill up the depres- 
sions, and on this the binder course is spread. This method has only been 
tried to a limited extent in this country, but in the United States it is 
extensively practised, where Trinidad asphalte as a paving material is almost 
exclusively preferred. 

The manufacture of bitumen (which is found in a crude state in the 
West Indian Islands and South America, Trinidad * pitch lake ' being the 
best source and at the same time furnishing the most valuable kind) requires 
careful manipulation to ensure a satisfactory and durable carriageway pave- 
ment. The hard or compact bitumens are the most useful varieties, but they 
require to be purified or refined in order to free them from foreign matter. 
Eefined bitumen is hard and brittle, and consequently requires the addition 
of a residuum oil as a flux. The proportion of the flux varies from 10 to 12 
lbs. of oil to 100 lbs. of refined bitumen according to the quality of the 
flux, hardness of the bitumen, the purpose to which and the locality where 
the asphalte is to be applied. The bitumen is melted and raised to a tem- 
perature of 300° Fahr. before the oil, previously heated, is added to the 
mixture, and it is then agitated by mechanical means or by a blast of air 
until it has acquired the desired properties. 

When in this particular condition it forms the matrix of the asphalte, 
the aggregate being cou)posed of clean sharp sand and stone or limestone 
dust. The proportion of these ingredients for carriageway pavements varies, 
according to the character of the aggregate, amount and nature of the traffic, 
and the climate of the district where it is to be used. 

As the success of this particular kind of pavement depends upon the 
care and judgment exercised in selecting and combining the materials, and 
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on the laying of the pavement, skilled labour and special machinery only aie 
employed. 

The ingredients, previously heated as described, after being measured 
(according to the circumstances just mentioned), are thoroughly incorporated 
in a mixer, after which the composition is ready for use. It is conveyed in 
specially constructed and equipped carts to the street where the asphalte is 
to be laid, and there spread with iron rakes to a depth which will give the 
desired ultimate thickness, varying from 1^ inches to 2 inches when com- 
pressed by means of a steam-roller weighing 7 tons, which is equal to a 
compressive force of 170 lbs. per inch of width. 

To obviate creeping, and consequent cracking when laid on a Portland 
cement concrete foundation, it is necessary to spread a cushion layer of 
bituminous concrete, or 'binder' as it is termed, between the foundation 
and the asphalte forming the wearing surface. This binder course is pur- 
posely made more plastic or cementitious than the upper or wearing layer 
of asphalte, so as to combine the whole in a homogeneous mass. 

The method of laying Trinidad asphalte on an existing foundation in 
this country is as follows, the matrix and aggregate of the wearing surface 
being approximately as under : — 

Asphaltic cement, from 12 to 15 per cent 

Sand, from 88 to 70 

Pulverised carbonate of lime, from . 5 to 15 



II 
It 



100 100 

In order to make the pavement homogeneous, the proportion of asphaltic 
cement may be varied according to the quality and character of the sand. 
The carbonate of lime may be reduced, or entirely omitted, when suitable 
sand can be obtained. 

498. Trinidad asphalte pavement for first-class carriageways is generally 
laid to a total thickness of 2^ inches, composed of — 

Binder, 1 inch. 

Asphalte surface, 1} n 

Total, 2i inches. 

Binder Course. — The binder course consists of a fine bituminous con- 
crete composed of clean broken stone, slag, or gravel, in pieces not exceed- 
ing 1^ inches in their largest dimensions, thoroughly screened, and asphaltic 
cement made from Trinidad bitumen. The stone, slag, or gravel must be 
heated by being passed through revolving heaters, and thoroughly mixed by 
machinery with the asphaltic cement, in the proportion of about 15 
gallons of the latter to 1 cubic yard of stone, slag, or gravel. The mate- 
rial thus treated is then conveyed to the work, and spread on the foundation 
with hot iron rakes, and immediately rammed and compressed with steam 
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rollers, while the mixture is in a hot and plastic condition, until it has a 
thickness of 1 inch. The top surface of the binder course should be made 
exactly parallel with the surface of the pavement when finished. 

494. Wearing Surface. — Upon the binder course the wearing surface 
or asphalte pavement is laid, the composition of which varies in the propor- 
tions stated at p. 352, the density of the pavement being determined as that 
best adapted to the climate and traffic. 

The sand and asphaltic cement are heated separately to about SOO"* Fahr. 
The pulverised carbonate of lime, while cold, is mixed with the hot sand in 
the requisite quantities, and is then incorporated with the asphaltic cement 
at the required temperature and in the proper proportions, in a suitable 
apparatus which will effect a perfect mixture. 

The pavement mixture, prepared in the manner described, is then laid 
upon the binder course in one coat ; it should be brought to the ground in 
carts or wagons, at a temperature of about 250*" Fahr., and carefully spread 
by means of hot iron rakes. This must be carried out in such a manner as 
to give a uniform and regular surface, and to such a depth that, after having 
received its ultimate compression, it will have a thickness of 1^ inches. The 
surface is first compressed by hand rollers, after which a small quantity of 
cement is swept over it^ and then thoroughly compressed by means of a 
steam roller, the operation being continued so long as the roller makes an 
impression on the surface. One cubic yard of prepared material weighs 
about 1^ tons, and the area which it will cover when spread to different 
thicknesses is as follows : — 

Pa7ezDent 2^ inches thick, about 12 square yards. 
»» 2 ,, ,, 18 ,« 

14 M M 27 



i» *a >» II ■•• II 



Fig. 126 shows a cross-section of asphaltic pavements of bituminous 
limestone and Trinidad asphalte. 

495. Many combinations of this class of pavement have been introduced 
and applied in this country with varying success, the source of supply where 
the necessary constituents are obtained sometimes giving the name, appa- 
rently new, to the pavement, which is, however, in reality only a different 
composition in regard to the quality of the bitumen, the nature of the flux 
used, or the other essentials which go to make a successful artificial, but at 
the same time compressed asphaltic pavement. 

496. Bitxunen and Orushed Granite Pavement. — Bitumen and crushed 
granite mixed together as a paving material has been experimented upon in 
the United States, and lately in Paris, where it has been laid in the follow- 
ing manner :->-The first layer of asphalte, a thin coat, is spread on the beton 
foundation, followed by a layer of about f inch crushed granite, which is 
floated with a grouting of liquid asphalte, then finished with a coating of 
fine crushed granite and thoroughly well rolled. 
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This pavemeut ii beiog ueed esteiiaively, 
F., and is stated to be giving gatisfactoi^ 

^ results. 

^ 497. An asphaltic pavement recently 

|> -' introduced from the United States was laid 

& in Glasgow about two years ago. It is 

A known as ' Alcatraz,' which, in America, is a 

e trade name for the 'sux ' employed in many 

' of the compositions tbere used, and which 

are also called asphalte. 

This new description of paving material 

was laid in Buchanan and Castle Streets, Olas- 

gow, in September and October 1897, to a 

B thickness of 3 inches by skilled workmen, aiid 

2 , guaranteed hy the contracting company who 

^ g undertook to maintain the pavement for 

^ I four years free of cost to the Corporation. 

S, Singularly enough this pavement, which 

£ was laid on a thoroughfare subject to heavy 

•° traffic, did not survive twelve months, owing 

', , * probably to the composition of the iugre- 

^' i s dients; it was lifted and re-laid a second 

3'^ _^ '° time, but again showed signs of giving way 

?^ ? during the winter months. On account of 

•\ s this failure the American company lifted the 

I 7 ^bole of the pavement laid by them, and 

« re-laid it a third time in July 1899, the 

^ composition of the ingredients being slightly 

^ altered, and it is now stated to be wearing 

well. It is a matter for conjecture whether 

this pavement, as originally laid, was such 

as to stand the climate of Glasgow, or whether 

some accidental circumstance had intervened 

to partially destroy the pavement, wliicb to 

all appearance was well constructed. The 

cost of this paving in Glasgow averaged 

about 78, 6d. per square yard. 

Ids. Asphalte pavements for carriage- 
ways are eminently suited for cities and 
towns having comparatively level tborough- 
fares. Among other advantages which theee 
pavements possess, the following may be 
mentioned. They are jointless, have a 
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smooth even surface, are absolutely impervious to moisture, and dry 
quickly after a fall of rain ; they are comparatively noiseless, and easy of 
traction, consequently they are pleasant to drive over, owing to the 
absence of vibration and concussion. They are very durable, quickly 
laid and easily repaired, a matter of considerable importance in thorough- 
fares where continuous wheel traffic exists, and this greatly lessens the incon- 
venience of long delays during renewals, and corresponding inconvenience to 
business people and shopkeepers. They neither absorb nor radiate heat, and 
having a smooth surface, they can be quickly and easily cleansed, and are, 
therefore, perfect sanitaiy pavements ; they can be kept scrupulously clean 
by washing, which no other kind of street pavement is capable of in so effec- 
tive a manner. 

499. Asphaltes thus comply with almost every requirement necessary for 
a first class carriageway pavement, except in one great particular, namely, 
slipperiness. Especially is this so in the case of compressed rock asphalte, 
the limestone of which becomes hard, smooth, and slippery under traffic. 

The slippery state of these pavements is worse in certain conditions of 
the atmosphere such as during the prevalence of fogs, and after a light shower 
of rain, when the dirt which may be, and indeed generally is, lying on the 
surface, is converted into a greasy film, and horses retain their foothold with 
difficulty. This mainly affects horses drawing heavy loads, especially when 
stopping or starting, and also fast travelling traffic. 

A continuous or heavy rainfall cleanses- the surface to a certain extent, 
and in this thoroughly wet and at the same time clean condition, it is then 
safe to travel over. The application of sand sprinkled over the surface 
renders this kind of pavement less slippery, but this advantage is gained at 
the expense of the asphalte covering, the surface of which is cut into by the 
sand, and so worn and defaced. This remedy is, moreover, only a temporary 
one, as it has to be frequently repeated during adverse conditions of weather, 
and ultimately it has to be swept off in the form of mud. 

500. As these pavements are constructed, and in most instances main- 
tained, by contractors, it is the practice of the ' Asphalte Paving Companies ' 
to charge a certain price per square yard for laying according to the thick- 
ness required, and also to maintain the surface in good repair at a fixed 
price per square yard annually, for a definite number of years. 

This arrangement, therefore, does not admit of a direct comparison 
with other descriptions of pavement similarly situated, where constructed 
and maintained by the authorities' own staff ; the cost of the annual main- 
tenance, no doubt, is given, but as this will in most instances be a fairly 
remunerative figure, the actual cost for repairs, on different pavements, can 
only be arrived at approximately. 

501. It is difficult to ascertain the actual life of asphalte pavements 
under traffic, for the reason that repairs are immediately carried out when 
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required, probably in three or four years after being laid ; consequently, the 
whole surface in the course of time is in reality relaid or renewed. 

The Val de Travers compressed rock asphalte, laid in the Poultry and 
Cheapside, London, in the latter part of 1870, was in use for eighteen years 
before being lifted and renewed. This asphalte pavement, which was laid 
to a thickness of 2^ inches, cost 16s. 3d. per square yard, and Is. 9d. for the 
concrete foundation 9 inches thick, or an inclusiye cost of 18s. per square 
yard. The average width of the carriageway between the kerbs is 22 feet 
in the former, and 30 feet in the latter thoroughfare^ while the wheel traffic 
(1872-73) is stated to have been 363 and 298 vehicles respectively per foot 
of width in twelve hours, no weights however being given. 

502. The first cost and expenditure on maintenance of the two streets 
mentioned, along with some others, are given in the following table, the pave- 
ments having been repaired by contract for a period of seventeen years.* 

The wear, or loss of thickness, was equal to *35 inch next the kerb, and 
'22 inch over the general surface annually in Cheapside and the Poultry, 
while in some of the other thoroughfares it amounted on an average to *16 
inch, and in Moorgate Street to *1 inch per annum next the kerb. 

Another table, LV., is also given, which shows the cost of the different 
items already enumerated, but is of more recent date. 

508. The approximate cost of asphalte rock pavements in the city of 
London at the present time, exclusive of foundations, is as follows : 

1} inches thick. 2 inches thick per square yard. 
Val de Travers asphalte, 9s. 9d. 128. 6d. ,, 

Limmer ,, 9s. 6d. 12s. 



• » •'"• ***•• *«». ,, 



Like those already detailed the cost for annual maintenance varies accord- 
ing to the locality and amount of traffic passing along the thoroughfare, 
but is generally repaired free of cost for the first two or three years. 

Trinidad asphalte, exclusive of foundations, varies from 7s. 6d. to 10s. 6d. 
per square yard, according to the thickness of the binder course and wear- 
ing surface, quantity required, and also the locality and distance from the 
works. 

These are the prices for work carried out by the Trinidad Lake Asphalte 
Paving Company, and their arrangement for repairs, after from three to 
five years' free maintenance, is a charge of from 3d. to 6d. per square yard 
annually, according to the volume of the traflSc and other circumstances. 

* Compiled from " Roads and Streets '' (Colonel Haywood's report), by Law k dark, 
fVeaU^s Scries, No. 197. 
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CHAPTEE XII. 

BRICK PAVEMENTS, TAR MACADAM, AND MISCELLANEOUS MATERIALS 

USED FOR CARRIAGEWAYS — CONCLUSIONS. 

($04. Brick Pavements for carriageways are extensiyely used in the United 
States, where they were first adopted in 1872; many of the streets in 
the principal towns in Holland are paved with this material, particularly in 
Amsterdam and Rotterdam, where bricks are stated to have been employed 
for paving purposes for over 150 years. Bricks have not hitherto been 
used for paving to any great extent in this country, although there are 
towns with a medium traffic where it has been laid as a pavement ; they are, 
however, much used in forming street crossings. 

505. In Liverpool, 'Tees scoriae' bricks from Middlesbrough were laid as 
a trial in 1881 ; they were not, however, very successful, wearing unevenly 
and being extremely slippery. The unequal wearing was probably owing to 
the manner in which they were manufactured, as, on examination, many 
of the bricks were found to have large holes in them, where the materials 
had not fused together. 

A section of the thoroughfare in Upper Street, opposite Islington Green, 
where the traffic is very heavy, was recently paved with bricks experi- 
mentally; it has not, however, proved successful, but further trials are 
being made in London on streets having less traffic than this thoroughfare. 

506. The suitability of bricks for carriageway pavements depends on the 
quality of the clay from which they are made, the method adopted in manu- 
facturing and burning them, uniformity of shape and size, and the extent to 
which they will conform to the tests for absorption, crushing strength, and 
abrasion, while in addition, the specific gravity test^ varying from 2 '00 to 
2*30, is at times adopted. 

The characteristics which brick suitable for paving purposes should 
possess may be stated as follows : — 

(1) It should not absorb more than 3^ per cent, of moisture in twenty- 
four hours, nor be acted upon by acids. 

(2) It should be rough to the touch, affording a good foothold, and not 
liable to become polished. 
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(3) It should be hard, but not brittle, give a clear ringing sound when 
struck, and not liable to scale or to chip on the edges. 

(4) When broken it should show a compact, uniform, and close-grained 
structure free from air-holes and small stones. 

The composition of clay varies considerably, but most bricks are made 
from a hydrated silicate of alumina in combination more or less with other 
substances, such as magnesia, iron, lime, and potash. Alumina gives elasticity, 
and renders the material tough and binding ; magnesia in small quantities 
renders the clay fusible; iron is advantageous, tends to make the brick 
more homogeneous, and aids in producing vitrification. 

Lime in excess is injurious, and although infusible, is changed into 
caustic lime at high temperatures, and when exposed to the action of the 
weather absorbs moisture, and causes disintegration. The alkalies, varying 
from 1 to 3 per cent., act as a flux in chemical combination with the silica 
and alumina. 

Clay, to make satisfactory paving bricks, must be rich in silica, free 
from lime, and able to withstand without fusing a red heat for a sufficient 
length of time to render the bricks hard, homogeneous, and impervious to 
water. 

507. The methods practised in preparing the clay previous to being 
manufactured into paving bricks vary considerably, but the essential points 
may be stated as follows, namely — (1) preparing and grinding the clay, 
(2) tempering, (3) moulding, (4) drying, (5) burning, which will be briefly 
described. 

(1) The clay is prepared by removing all stones or other foreign impu- 
rities, and then grinding it ; different methods are used, but the finer the 
clay is ground the more homogeneous will the brick be. 

(2) Tempering the clay is performed in a variety of ways, but generally 
by machinery in the form of pug-mills. 

(3) The clay is then placed in moulds and pressed by hand, or by 
machinery, the object being to compress the utmost amount of clay into the 
moulds. 

(4) The bricks, after being moulded, are slowly dried either in covered 
sheds open to the air, or in chambers heated for the purpose. 

(5) The bricks when sufficiently dried are then piled in kilns and burned, 
either on the up-draught or the down-draught system; the firing should 
be conducted with great care, as the perfection of the bricks depends largely 
on the skill with which this operation is carried out. It is an important 
matter when the burning is completed — that is, just short of fusion — to 
allow the heat in the kiln to be reduced gradually. This process of anneal- 
ing produces a thoroughly compact, tough, and hard brick. The time required 
for burning may extend to six or more days. 

For all practical purposes, although sdl the tests mentioned are sometimes 
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carried out, the suitability of bricks for paving purposes may be judged by 
their capacity for absorption and abrasion. 

508. Absorption. — This test, which represents the probable effect of 
atmospheric action, is of great importance ; it is one of the factors which 
determine the life of a brick pavement. The alternation of wet and dry 
weather to which all pavements are subject at times, and also the freezing 
and thawing tend to disintegrate bricks, so that the less absorbent they are, 
the more durable and sanitary they will be. American specifications gener- 
ally stipulate that paving bricks must not absorb more than 1^ to 3^ per 
cent, of moisture in twenty-four hours, although the time required for this 
test is at times extended to forty-eight and seventy-two hours. 

509. Abrasion. — ^Thb test for paving bricks is also of importance, and 
is carried out in a somewhat similar manner as in testing road metalling. 
The pounding produced by horses' feet on most pavements and especially on 
this class, causes the greatest amount of wear, so that the material which can 
withstand this treatment will, in all probability, be the most suitable and 
give the longest service as a pavement 

There are no standard conditions by which different bricks can be com- 
pare J, the 'rattle' or Humbler' test being carried out with the bricks 
placed in it aloue or with irou castings or other material introduced. The 
construction of the testing machine, the number of revolutions per minute, 
the duration of tbe test, and the percentage of loss are all matters which have 
a direct bearing on the subject. 

510. So far as the resistance to crushing of bricks is concerned, it seems 
remarkable that some specimens should possess a greater crushing strength 
than moHt kinds of granite, although they are not so tough. Staffordshire 
blue bricks, tested by Kirkcaldy, gave the crushing resistance at from 15,000 
to 18,000 lbs. per square inch, while the strength of granite similarly tested, 
varied from 12,000 to 18,000 lbs. per square inch. 

In tbe United States, where particular attention is paid to the manufac- 
ture and burning of bricks for paving purposes, recent tests at Watertown 
Arsenal showed that 22,000 lbs. per square inch was attained. In some 
cases the crushing resistance has reached the abnormal figure of 30,000 lbs. 
per square inch, but 7150 lbs. per square inch appears to be the average in 
America. The tests are carried out there on a very extensive scale, testing 
laboratories having been established, equipped with suitable apparatus for 
this purpose. 

As the suitability of bricks as a paving material depends on the nature 
of the clay from which they are manufactured, careful analysis and tests 
are absolutely necessary where this pavement is laid to any great 
extent. 

Brick paving has been in use in America for nearly thirty years, but 
more particularly during the last seventeen years has it extended, especially 
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ia districts where suitable clay is easily obtained, and where other pave- 
ments are prohibited on account of cost alone. 

511. Size of Bricks. — ^The standard size of building brick in this country 
is 9 inches x 4^ inches by 3 inches, and it is considered tliat this would also 
form a convenient size for paving purposes. 

In the United States the sizes vary considerably, but the dimensions of 
brick mostly used are 9 inches x 4 inches by 3 inches. They are formed 
with square edges and rounded nosings, while many are made with rounded 
tops. The square edge makes the best joint, is less noisy, and more readily 
cleansed, although the arrisses become chipped by the action of the horses' 
feet. 

512. Foundations. — Many of the brick pavements in the United States 
were simply laid on the natural ground, previously rolled ; in other instances, 
slag, gravel, and ordinary macadam have been used and steam-rolled before 
laying the brick pavement. 

The best work is now, however, being carried out by forming a concrete 
foundation similar to that used for first-class pavements in this country, and 
no doubt the success of the paving will be greatly enhanced, and the life or 
service of the bricks extended, if laid on concrete. 

513. Laying. — ^The bricks are laid on a cushion of sand, as in the case 
of a pitched pavement, at one time spread to a depth of 3^ inches, but now 
generally from 1 inch to 2 inches in thickness. The bricks are laid on edge 
close up to the kerbs without any channel courses, at right angles to the centre 
line of the thoroughfare, or at an angle of 60*, which is preferred in some 
towns. The bricks are for the most part laid with as close a joint as possible, 
but in some cases with a ^-inch space to allow for grouting. The irregular 
shape of the bricks generally permits of a sufEciently wide joint for this pur- 
pose. Closers are specially made to avoid cutting the ordinary bricks, and 
vary from ^ to f lengths. The paving is then rammed or rolled with horse- 
rollers drawn by men, or by light steam-rollers; any defective bricks being 
replaced before filling the joints. 

514. Grouting. — This is efifected with clean river sand, cement, or pitch. 
In the case of the two latter materials, the joints are filled by means of an 
iron funnel-shaped tool, having a small hole at the bottom, the flow of the 
grout being regulated by a plug valve. 

The surface is finished by covering the pavement with course sand from 
^ inch to 1 inch in thickness, which is allowed to remain for ten or twelve 
days, the traffic passing over the pavement meanwhile, and is then swept oflF. 

Specifications for brick pavements differ widely in their requirements, 
and, as already mentioned, no standard for testing the quality, or the method 
of construction, has been arrived at. 

515. The following, however, will give a general idea of the manner in 
which this class of pavement is carried out in Indianopolis, U.S.A. 
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New specification for brick paving as adopted by the Indianopolis Board 
of Public Works  

1. Upon the foundation of concrete or broken stone, as specified, will be 
laid a bed of fine sharp sand, free from loam and vegetable matter, and which 
will pass through a f-inch mesh. 

The layer shall be 2 inches in thickness when compacted to serve as a 
bed for bricks^ which will be laid directly upon and imbedded in it, with close 
end and side joints. 

2. The bricks or blocks most be specially hard burned for street paving, 
free from flaws, cracks, or breaks, and equal in all respects to the samples for 
the pavement tendered upon to be filed in the office of the board. The 
dimensions shall not be less than 2^ inches in thickness, by 4 inches in 
depth, and 8 inches in length. The variations in size of bricks furnished 
must not be more than ^ inch in thickness or depth. If the bricks furnished 
are found to vary more than the specified amount, they shall be sorted and 
properly laid with reference to sizes, as directed by the engineer. 

3. The kind and size of brick shall be specified in the tender and shown 
by the samples submitted, and the contractor shall also, if required, furnish 
samples of materials used in their manufacture and analyses of the same, 
and a statement showing the kinds and proportions of material used in 
making the brick, and the manner of making and burning the same. The 
brick shall be subject to test at any time, and the contractor must furnish 
the brick selected by the engineer for test without additional compensation. 

4. All bricks shall be subject to thorough inspection by the engineer 
and his agents, both before and after laying, and all rejected material shall 
be removed from the street immediately, and deficiencies made good by the 
contractor, and he shall at all times provide at his own expense a sufficient 
number of men to assist the engineer and his inspectors in the proper inspec- 
tion and culling of the bricks. 

5. Upon the cushion, when prepared as above specified, the paving 
bricks are to be laid in the following manner. 

The pavement is to be constructed with a single layer of bricks laid on 
edge, end to end, in right angle or diagonal courses across the street, except 
at street intersections, where the courses are to be placed at such angles as 
the engineer shall direct. 

The bricks are to be set in straight courses, with the body of the bricks 
close together, sides and ends touching, and breaking joints at least 2 inches 
with the bricks in adjoining courses. The contractor may be required to 
lay every tenth course to a line. They are to be set perpendicular to the 
grade of the street, and to a height of ^ inch to f inch, or such other height 
as the engineer may direct, above the true grade and crown of the street 

 Extracted from paper on "Brick PaviDg for Carriageways," by John T. Eayrs, 
M.I.C.E., F.S.I., Proc Assoc, of Municipal and County Engineers^ vol. xxiii. 
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when finished, to provide for settlement in ramming and rolling. Nothing 
but whole brick shall be used, except in starting courses or in making a 
closure at kerbs, catch basins, rails, and street structures, when not leas than 
half bricks may be used in breaking joints, which shall be made tight and 
close at the ends. 

Great care shall be taken in breaking and trimming the bricks for the 
purpose, so as not to check or fracture the part to be used ; all joints shall 
be broken or cut at right angles to top and sides of bricks. The breaking 
and trimming must be done by experienced men working with proper tools. 

6. The paving, when laid as specified, and before the filling of the joints 
and top dressing lb put on, shall be thoroughly rolled three or more times 
lengthwise of the street, with a roller weighing not less than 5 tons. All 
parts of the pavement which cannot, in the opinion of the enginner, be pro- 
perly rolled, shall be thoroughly rammed three times or more in such manner 
as the engineer shall direct. 

7. All soft, cracked, or defective brick found in the pavement at any 
time before the pavement is accepted, whether developed by rolling, ramming, 
or otherwise, shall be removed by the contractor and replaced at his expense. 

8. The contractor shall remove all rubbish and thoroughly sweep the street 
for inspection of grade, surface, and material before joint filling is put on. 

9. The joints shall then be filled as nearly as possible from bottom to 
top with a paving cement or grout, as specified in the tender and contract, and 
according to a formula for composition and consistency of same, approved 
by the Board of Public Works and the engineer. Sand may be used as a 
filler in alleys when specifically stated in the specifications, to be applied as 
directed by the engineer. 

10. When grout is used, it must be equal or superior to a grout com- 
posed of one part of Portland cement by measure, and one-and-a-half 
parts of fine sand which will pass through a -^ inch mesh. It shall be 
of such a consistency as to run readily into the joints, and shall be swept 
in rapidly. The pavement shall be gone over a sufficient number of times 
to fill every joint. When the foundation is of broken stone, the engineer 
may require the grout to be put on in two coats, the first coat to be of such 
proportions as he may direct. 

11. When paving cement is used, it must approach as nearly as possible 
to the condition of being pliable, not brittle, in cold weather, and so solid 
in hot weather that there will be uo tendency to run out of the joints. It 
shall be equal or superior in quality to a cement composed of 10 per cent of 
refined Trinidad asphalte, mixed with 90 per cent, coal tar paving cement, 
distilled at a temperature not less than 600° Fahr. The temperature shown 
on the gauge attached to the cement tank shall show not less than 300"* 
Fahr. while the cement is being applied, and shall show such higher degree 
as the engineer may direct, if considered necessary by him on account of 



BRICK PAVEMENTS. 365 

weather or character of materials used, to render the cement fluid enough to 
ran into the joints properly. 

The paving cement shall not be used unless the bricks are thoroughly 
dry. The cement shall be carefully poured from a vessel having a small 
spout, so that it will run into the joints directly. This will be insisted on, 
especially in cool weather. 

Any excess of cement on the surface shall be broomed ofif so as to leave 
as little as possible thereon. Qreat care must be taken not to disfigure the 
kerb, walks, or lawns with materials, and any damage on this account must 
be repaired by the contractor. Extra care and material must be taken at 
the gutters and around catch basins or other structures in filling all joints in 
both paving and kerbing to effectually prevent the leakage of water into the 
sub-roadway. All joints shall be completely filled to the top before the top 
dressing is put on. 

12. The surface of the pavement, when completed as above, shall be 
covered with a ^inch top dressing of clean coarse sand of an approved 
quality. The sand shall be removed by the contractor in two weeks after 
completion of the pavement or on notification from the engineer. 

13. The Board of Public Works reserves the right to change the kind 
of brick or filling to be used in the pavement, even after the contract has 
been let ; this, in case it is found necessary to do so by the failure of the 
contractors to furnish the materials tendered upon and mentioned in the 
contract to be used. 

516. Advantages and Defects of Brick Pavements. — The advantages 
of a brick pavement are stated to be ease of traction and fairly good foothold 
for horses ; it is easily repaired and cleansed, consequently it is sanitary ; and 
it is durable under moderate traffic. The defects of brick pavement arise 
principally from the lack of uniformity in shape and quality, which necessi- 
tates the making of a wide joint in most cases, while the soft or more 
porous bricks are liable to disintegrate under the action of traffic or the 
effects of frost. 

517. Life of Brick Pavements. — In America, where the experience of 
this description of pavement, laid on concrete foundations, has extended to 
a period of about seventeen years, the life time is stated to be from fifteen 
to twenty years under ordinary conditions. In many instances, where the 
paving has been down for ten or twelve years, it is reported to be in good 
condition and but little worn. 

The durability of course depends greatly on the nature and amount of 
wheel and hoof traffic, and also the climatic conditions, which latter, it 
must be remembered, are more severe there than in this country. 

518. Cost. — The cost of constructing a brick pavement in the United 
States varied in 1890 from 58. to 9s. per square yard ; the latter was on a 
foundation of concrete. 
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It is reasonable to suppose that brick paving could be carried out in this 
country, when the bricks can be obtained within a moderate distance of the 
locality where they are to be laid, for 6s. 4d. per square yard, or Ss. lOd. 
per square yard, including a concrete foundation 6 inches deep. 

519. IfBougall's Patent ' Combiiiation Sett Pavement.' — A great 
many street crossings in provincial towns are laid with this patent pave- 
ment, which is stated to wear well, and give an excellent foothold for horses. 
It consists of a highly vitrified blue paving brick, 10 inches x 4| inches by 
5 inches, containing recesses on the top or wearing surface, into which square 
plugs of creosoted wood 1 inch square and 2 inches long are driven, so as to 
project ^ inch above the surface of the brick. It is laid on a concrete 
foundation, with close joints and grouted with a bituminous mixture ; it is 
claimed to be a durable and non-absorbent pavement^ wears evenly, and is 
not slippery, while it ib readily handled and laid, and cheap in first cost. 

520. Cork Pavement. — ^This paving material, which is of an elastic 
nature, is composed of cork ground very small mixed with bitumen and 
fibre. The blocks are made in moulds, and measure 9 inches x 4^ inches 
by 2 inches in depth, and are subjected to a hydraulic pressure of 
600 lbs. 

The foundations are prepared in the usual way by spreading Portland 
cement concrete 6 to 9 inches deep, and finishing to a proper contour, then 
floating the surface with cement in order to form a thoroughly smooth sor- 
faca The foundation, when thoroughly dry and set hard, is coated over 
with a thin layer of hot tar and tallow mixture, in the proportion of 4 oz. 
of tallow to one gallon of tar. The general practice is, however, to apply a 
thin coating of mineral tar spread with a brush. This is allowed to set or 
cool previous to com.mencing the laying of the blocks. 

The cork blocks are then dipped in a hot jointing mixture composed 
principally of asphalte, at such an angle that the entire bottom is covered, 
and nearly the whole of the way up one side and end. This is readily done 
by using a slater's hammer, or other similar sharp pointed tool ; the blocks 
are then quickly and firmly placed in position, keeping the joints as thin as 
possible, but full of bitumen, and the surface of the block at its proper 
level. 

It is claimed for this pavement that it is non-absorbent, non-slippery, 
resilient, and practically noiseless. When these blocks are laid in position 
they form a solid and thoroughly sanitary pavement. 

It is giving great satisfaction where it has been tried, and is slowly 
creeping into favour. This class of pavement has been laid for a few of 
the Vestries and the County Council of London. It has also been laid 
in Bournemouth, Nottingham, Hanley, Windsor, and York. Many of the 
railway companies use this description of paving material. 

The cost of this pavement, including laying and jointing material, on a 
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newly prepared or existing foundation is lOs. 6d. per square yard in London, 
and varies from this price to 158. per square yard in the provinces. 

521. Sanitary Block Pavement. — ^These blocks are composed of granite 
chippings, or other suitable stone partly pulverised and then heated to a 
high temperature, mixed with a certain proportion of Trinidad asphalts, and 
finally subjected in this heated state to an immense pressure, and moulded 
into a solid homogeneous block, measuring 12 inches x 4 inches x 4 inches. 

This pavement is laid in the same way as a pitched carriageway, on a 
concrete foundation and cushion bed of sand. The blocks are uniform in 
shape, and are laid close together ; the joints soon become closed by com- 
pression under trafQc, but they are generally filled, with cement grout. It 
is claimed for this pavement that it is non-absorbent, does not polish or 
become slippery, and can be used with safety on gradients up to 1 in 25. It 
is comparatively smooth, is easy of traction, affords a sure foothold for horses, 
is noiseless, is not affected by heat or cold, and can be easily cleansed. 

This pavement has been in use in Philadelphia, Washington, and other 
American towns for over fifteen years ; it was laid in Carlos Place, Grosveuor 
Square, and at the Cumberland Gate entrance to Hyde Park, London, two 
years ago, and is giving every satisfaction, especially in regard to foothold 
for horses. 

Sanitary block pavement can be laid at a cost of 158. per square yard 
in London and towns on the west coast. 

522. Tar Macadam. — This pavement is very suitable for thoroughfares 
which are comparatively level, in suburban districts and towns with medium 
traffic, and makes an excellent substitute for ordinary macadam. 

It is of very old standing, and, although not extensively used in the past, 
is now being introduced into districts where its principal ingredients are 
readily obtainable. It is less expensive to maintain than a steam-rolled 
macadam roadway ; the initial cost, however, is much greater. Tar macadam 
forms a smooth pavement, is practically noiseless, non-absorbent, and easily 
cleansed. 

Tar macadam paving has been executed by different methods with vary- 
ing success, and in many instances failure, depending on the system adopted, 
the quality of the materials employed in the different localities where used, 
and the nature of the weather when the paving operations were carried out. 
The tar, which acts as a water-tight cement on the stone forming the aggre- 
gate and protects it from weathering, is of variable quality. 

528. It is occasionally used in a natural state after having been stored 
for several months to allow the volatUe oils and water to escape or come 
to the surface. When used under these circumstances for paving purposes, 
it should be drawn from the lower end of a covered tank of some depth. 
The same result is attained during the boiling operations ; the lighter the 
tar the longer must it boil, so that all light oils and water may be driven 
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off. It is now, however, generally used in the refined or distilled state, 
which gives the best results. 

524. The stones which form the bulk of the mixture may consist of 
flints, granite, whinstone, or gravel ; but for really successful work Kentish 
ragstone or mountain limestone alone should be employed, as a more reliable 
and durable pavement will be the result. The stones should be fairly tough 
and sufficiently permeable to admit of the tar being partially absorbed, which 
is a necessary quality for making tar macadam. The preparation of the 
aggregate, previously broken to the requisite gauge, so as to remove moisture 
and to make the tar adhere more readily to the stone, is performed in yarious 
ways. 

525. The old method of accomplishing this is to make a stack of stone 
and coke of rectangular shape, or in the form of a cone, and burning the 
pile in the open. The stones, varying in size up to a 2-inch gauge, are laid 
to a depth of about 12 inches, and on this is spread a layer of coke and 
breeze 3 to 4 inches thick, along with a few pieces of wood to assist the fire ; 
the stack is carried to a height of about 5 feet and then kindled. The fire 
penetrates the mass, the process of burning occupying from four to ten days, 
according to the size of the stack. By this process of drying the stone, 
however, a considerable amount of disintegration takes place, or, in other 
words, the material is calcined, which, besides reducing a considerable 
quantity of it to sand, affects the ultimate strength of the pavement. It 
takes a long time to accomplish, while ashes and other foreign matter are 
incorporated with the stone. 

526. The usual method, and one which obviates the defects mentioned, 
is carried out by means of a drying stove. The material is placed on a hot 
hearth, the temperature of which can be raised to a sufficient degree in order 
to expel all moisture from the stone, and at the same time the heat can be 
so regulated that the aggregate will absorb as much tar as possible. The 
hot tar is then added to the heated stone and the mixture turned over with 
hot s^ovelp, and thoroughly incorporated, until all parts of the stone are well 
coated. The material, before being so treated, is screened so as to graduate 
the different sizes of stone to form the paving. This is done by storing all 
the stones from 1 inch to 2 inches gauge to form the bottom layer, the 
^ inch to 1 inch sizes for the intermediate coat, and ^ inch to ^ inch material 
for the top dressing. 

The tar, previous to being conveyed to the heap of stones, is boUed in 
suitable cylinders or coppers and maintained at the boiling point for three or 
four hours, according to the quality of the tar ; a small percentage of pitch 
being sometimes added. 

527. The quantity of tar cement employed varies according to the 
quality of the stone used, and whether the mixture is to be laid imme- 
diately after being prepared, or stored, in which case it should be placed 
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under cover and there allowed to mature. In the latter case less tar is made 
use of, but when about to be laid it is again heated with some additional 
tar. 

During the summer time, and when the mixture is to be laid as soon as 
convenient after mixing, the following proportions are found satisfactory: — 

Oallons per 

cubic yard. 
For the 1-inch to 2-iQch material,* 8 

intennediate layer )- to 1-inch gaage material, . . .10 

top dresaing or J-inoh to i-incb, 12 



If 

9t 



528. The method of laying tar-macadam depends on circumstances ; the 
foundation is generally carried out as for an ordinary macadamized road, the 
depth being about 4 inches in thickness. The material may consist of dry 
hard stones, furnace clinker, or broken bricks regulated so as to give the 
desired contour after being steam-rolled, and when this is laid, the whole 
surface is then floated or flushed with well-boUed tar or Portland cement 
grout. This method of carrying out the work gives the best results, and 
admits of the tar-macadam covering being reduced in thickness, which will, 
of course, promote economy in construction. In many cases, however, 
where the existing coat of metalling is suflScient and the level of the surface 
permits of the tar-macadam being laid directly upon it, after being properly 
formed, it is considered to be a satisfactory foundation by many surveyors. 

In the former case a total depth of 4 inches of tarred composition will, 
after compression, be sufficient ; the bottom or coarse layer being spread 4 
inches thick, the intermediate layer about f inch, and the top dressing just 
sufficiently thick to All all interstices. In the latter instance 5 inches of 
compressed total thickness is generally sufficient, 4 inches being laid for the 
lower coat, 1^ inch for the intermediate, and f inch for the top dressing. 

In either case each layer is steam-rolled separately, the surface being 
finished with ^inch granite or limestone screenings spread over the surface. 
The weight of the roller employed may vary from 10 to 15 tons, and the 
rolling process is continued until the consolidation of the composition is such 
that no movement or creeping takes place. The pavement is finally finished 
by sweeping or dusting limestone powder over the surface. 

During the operations of forming this pavement and for sometime there- 
after, traffic should not be allowed to pass over the thoroughfare until the 
pavement is properly finished. 

Tar-macadam for carriageways should be laid in a fresh condition by 
experienced men under careful supervision, and then only in dry weather, as 
upon these conditions depend the success and ultimate life of the pavement. 

* This IB the composition which was used in Canterbury by A. H. Campbell, 
A.M.I.C.E., late City Surveyor, now city Engineer and Surveyor, East Ham, Proe, 
A9$oc, of Municipal and County Engineers^ vol. xziv. 

2 A 
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The durability of tar-macadam for carriagewaja dependai of eooiae, on 
the amount and natoie of the traffic^ bat ia estimated at periods Yarying 
from three to ten yeare^ although caaea are recorded whoe it baa been in 
nae for twenty and thirty yean; this probably refen to leadwaya aabjeet to 
li^t traffic only. 

529. The cost of oonatmction likewiae variea aooording to the price of 
the matenala in different localities; thia may be atated at from 2aw to 38. 
per aqnare yard, and when foundations are indnded at from 48l to Ga. per 
aqnare yard. The annual expenditure for repairs cannot be given with any 
degree of certainty, but it is stated to average from 4d. to 9d. per square 
yard. 

The following particuLua in regard to the cost of preparing a tarred- 
macadam road paving is given by Mr. A. H. Oampbell, late City Surveyor of 
Canterbury. 

** The stack of stone operated on for test contained 45 cubic yards ; and 
the actual cost in preparing that quantity is >^ 



Table LVL 

DebO. 

45 cubic yardt pit grsTel, at Ss. 6d., 

79 gallons tar, and cartage, at 2id. per gallon, 
234 Iba. of pitch, at 468. 8d. per ton, . 

84 bofiheU of coke, at 98. 4d. per chaldron, . 

80 „ breeze, „ ,, 

Wages in preparing and mixing etone and tar, 



£7 17 6 

16 5i 

4 10| 

1 1 9i 
8 
7 18 7 

£18 7 2| 



Credit. 

Actnal product from the foregoing : — 

40 cubic yards of mixture costing £18, 78. 2^., equal to 9s. 2d. per cubic yard. 
This composition, as above described, laid 4 to 4^ inches thick, finished in com- 
pressed condition, will work out at fully Is. 6d. per super, yard for the mixture 
alone. 



To this, 

add these items (estimated) : — 

1. Stripping road 8 inches thick, 

2. Broken brick ballasting, 

8. Applying the tarred material in three 
and finishing off, . . . 

4. Rolling road, 

6. Add contiugencies 10 per cent., 

ToUl, 



layers 



a. 

1 










d. 

6 per super yard 



9 
10 

9 
8 
5 



4 6 



11 



i> 



>i 



If 



■f 
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S80. In £ngland this class of road paving has been extensively used in 
the following towns : Derby, Leicester, Cheltenham, Southport^ Notting- 
ham, Canterbury, Harrogate, Norwich, and Croydon. 
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Tar-macadam has not hitherto been used to any great extent in Scotland, 
although a few subsidiary streets in Qlasgow have been recently laid with 
this material, also in the towns of Paisley, Kilmarnock, Leith, Perth, and 
Ayr. The work was executed by Messrs. W. G. Walker & Sons of the 
latter towu, where this class of pavement was first laid, and is so far giving 
satisfaction. The cost of Walker's tar-macadam paving varies from 48. 9d. 
to 5s. 6d. per square yard, according to the locality and area to be laid. 
Tar-macadam was recently tried in Aberdeen, three thoroughfares being laid 
with this paving. The aggregate was composed of granite, but, owing to 
the non-absorbent character of this description of stone, which is quite 
unsuitable for this class of work, it has not been a success. Three streets 
which were laid about eighteen mouths ago showed decided signs of wear, 
after being in use for little over a year, the surface becoming uneven and 
disintegrated. 

531. Macadamized Boadways. — ^Macadamized roads, although they 
have no place in thoroughfares subject to heavy traffic, form by far the 
greater proportion of carriageways in residential quarters of towns and 
suburban districts, and are generally highly appreciated by the inhabitants. 
When constructed and maintained in the manner described in Chapter YIII., 
Part I., they form a very pleasant and satisfactory roadway, affording a good 
foothold for horses, and are moderately clean under normal conditions of 
weather. 

Macadamized roadways, like a pitched pavement, possess one distinct 
advantage, namely, a good foothold, so that this description of material can 
be used on gradients up to 1 iu 1 5 with safety. Owing to the great number 
and varying qualities of the materials used in making and repairing this class 
of roads, good results cannot be expected, and the economical considerations 
entailed under these and other circumstances place them at a disadvantage. 

By using a superior class of metalling, properly applied and spread on a 
solid foundation, and efficiently steam-rolled, this class of roads in regard to 
first cost, annual maintenance, and general suitability, can now be placed in 
a better position, relatively with other pavements, than formerly. 

532. The life of macadamized roads depends entirely on the amount and 
character of the traffic, the quality of the metalling employed, and the 
system adopted in maintaining them. The surface of a road may have to 
be coated once in every three or four years, while, in many instances, it will 
require extensive repairs every year and oftener in certain circumstances. 

588. This cost of construction will vary, according to the locality in 
relation to the source of supply of the materials, class of traffic, situation 
of the road, and method adopted in making it ; the price, therefore, may 
range from 26. to 6s. per square yard. Once properly constructed, the 
subsequent upkeep consists entirely of surface repairs, which may be of an 
extensive nature, or simply occasional patches spread one stone thick where 
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required, the surface being previously scarified, and the metalling con- 
solidated. Continuous coatings of macadam, steam-rolled, at more or less 
frequent intervals, is the only satisfactory and economical method of carrying 
on these operations. 

The annual cost of repairing some roads in London, which are now 
paved, may be here given as being of some interest The cost of granite 
macadam was on an average 18s. per ton. 

Table LVII. 

Annual oost per 
square yaro. 

a. d. 

Charing Cross, 5 

PiccadUly, 4 

Regent Street, 8 7 

Parliament Street, 2 8 

Westminster Bridge, 2 

In Liverpool, Sheffield, Manchester, Newcastle-upon-Tyne, Glasgow, and 
other large manufacturing towns, the cost of the annual maintenance varies 
from 4d. to 2s. 6d. per square yard, the price of the metalling being from 
68. to 14s. per cubic yard. 

As the method of constructing town and suburban roads generally is 
detailed very fully in Chapter VIII., Part I, while the cost of the different 
operations is giveu separately, further remarks on them appear unnecessaiy. 

534. Conclusions. — It will be apparent from the description of the 
different materials which are at present employed in the construction of a 
first-class carriageway pavement that it is not an easy matter to decide on 
the particular description of material for this purpose, suitable for the varying 
circumstances met with. 

Many considerations, apart from the durability of the paving material 
which may be employed, although this is of the greatest importance, have 
to be examined closely, as at the present time they enter largely into the 
selection of a pavement suitable to the many varying conditions and circum- 
stances which exist in most towns. The more important points to be con- 
sidered are, the nature of the gradients and foothold, description of traffic, 
width of the thoroughfares, the class of property facing the street, facility 
for cleansing, noiselessness, smoothness, economy of constraction and sub- 
sequent maintenance, and even the climate. 

In cities and towns where the residential and manufacturing portions are 
somewhat removed from each other, and where the nature of the traffic and 
gradients vary considerably, an opportunity is offered for using all recognised 
kinds of paving material suitable to the particular situation or circumstances. 

There is not at present, it may be readily inferred, any one class of pave- 
ment which possesses all the properties requisite to fulfil the requirements 
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mentioned above. On sanitary grounds alone impervious pavements are a 
necessity which, by reason of the methods adopted in constructing them, 
limits the use of certain kinds of material where heavy and continuous 
vehicular traffic have to be accommodated. 

585. There is a consensus of opinion that granite setts properly laid form 
the cheapest and most durable pavement of any. It does not, however, pro- 
sent a smooth and regular surface after a few years' wear, especially when 
laid with a wide joint, and this is considerably intensified by frequent 
disturbance of the pavement in connection with repairs to gas, water, and 
other mains. The principal disadvantages of this class of pavement, how- 
ever, are that it is noisy, and also that it is liable to become slippery through 
wear, on which account it is decreasing in favour as a paving material 
in the fashionable quarters and business thoroughfares of cities and large 
towns. No doubt the wide joint has something to do with the great noise 
inseparable from a pitched pavement^ as, after a time, considerable 
vibration is set up, the wheels of vehicles bumping from stone to stone, 
and causing wear and tear in an excessive degree both in the traffic and 
in the pavement itself; this vibration may also cause damage to the sur- 
rounding buildings. 

It is possible that, if granite setts could be economically produced by 
the aid of machinery, so as to fit close together like a wood pavement, having 
an even surface and the joints grouted with bitumen, which would make it 
less noisy, this description of street covering would compare more favourably in 
this respect with the practically " noiseless pavements " — wood and asphalte. 
In manufacturing towns where such defects are not of so much consequence, 
and on steep gradients generally, this pavement still holds its own against 
all others for the safe foothold which it affords. 

586. In large cities where the carriageways are comparatively level, 
and the residential quarters and manufacturing parts of the town are 
separated and well defined, pavements of the smooth and noiseless descrip- 
tion, such as those formed of wood and asphalte, or some of the patent 
artificial paving blocks, can be advantageously laid in the former districts, 
while a granite sett pavement would be more suitable, on account of its 
superior foothold and ultimate economy, in the latter case where the traffic 
is heavy and continuous. 

As a matter of fact, however, few towns of any importance possess but 
one class of pavement, and, in many instances, two or more kinds are in use, 
depending on the locality, the character of the traffic, and the gradients of 
the different thoroughfares. As a case in point, the streets in the city of 
Sheffield, extending to 314^ miles, are constructed with every recognized 
form of paving, with the single exception of compressed asphalte. 

587. Soft wood pavements or yellow deal blocks, although much used in 
the past in the larger cities, and at the present time in many of the provincial 
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towns of mediam traffic, are gradually giving way in favour of the Australian 
liard woods. The first cost of hard wood pavements is undoubtedly greater 
than that of soft woods, but the durability and hygienic qualities of this 
class of paving material are such that it is replacing granite setts and the 
soft woods. 

Hard wood paving laid with a close joint, and the blocks of which have 
been previously dipped in a bituminous composition, wears very regularly and 
is practically noiseless ; the relative rates of wear for hard and soft woods 
are stated to be as 1 to 6 in thoroughfares subject to heavy traffic. 

588. Asphalte forms an ideal pavement. It is absolutely impervious ; it 
affords no lodgment for filth, and, as it retains its camber, the surface drain- 
age is rapid and effective. It is more easily cleansed than any other pave-: 
ment, so that, from a hygienic point of view, it stands far in front of all other 
pavements. It retains a smooth surface, and is preferred by residents in 
streets where it is laid, because the wheels of vehicles passing over it make 
but little noise. 

Unfortunately for this otherwise excellent pavement, at all events, that 
formed with rock asphalte, on account of its extreme slipperiness during 
certain climatic conditions, is disliked by horse owners, who, of coiurse, use 
the streets most. For this reason rock asphalte cannot be laid on steeper 
gradients than 1 in 60. On comparatively level thoroughfares this defect 
is greatly diminished by thoroughly washing the surface, as it is admitted 
that clean asphalte is not slippery in either a wet or a dry condition. 

Sanding the surface has to be resorted to at times to increase the foot- 
hold; but has a tendency to wear the pavement, and ultimately results in 
mud being formed. This is only a temporary measure, however, and re- 
peated applications of sand are necessary at times to render the pavement 
safe for travel. 

The difficulties which beset the earlier attempts to form a satisfactory 
carriageway pavement of Trinidad asphalte in this country now appear to 
have been overcome. The undoubtedly better foothold for horses aiSbrded 
by this description of paving material over that of rock asphalte is very 
striking, and, should it prove durable under heavy vehicular traffic, the 
problem of providing a safe, efficient, sanitary, and noiseless carriageway 
pavement may be looked upon as solved. 

589. The pavements which give the longest service should invariably be 
chosen, as, when other things are equal, it is to be preferred, because the 
renewal of the pavement in any of the principal thoroughfares of a town 
necessitates the closing of the street, which causes great inconvenience and 
seriously interferes with business. Although the first cost may be greater, 
that which is most suitable for the traffic is the cheapest in the end, and 
has the additional advantage that the streets are less frequently closed for 
renewals. 
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The concentration of traffic upon Bubsidiary streets, on account of the 
renewals to the , main thoroughfares, occasions a state of disrepair on those 
roadways beyond that which would result from the ordinary or legitimate 
traffic. 

5i0. On the question of safety or comparative slipperiness on granite, 
wood, and asphalte pavements, the following table, prepared by Mr. Haywood, 
from exhaustive observations made in 1873, on the accidents to horses on 
carriageways in the City of London, is given : * — 



Table LVIII. 



City of London : Oamparative Slipperiness of Carriageway Pavements. 



Pavement. 


Distance travelled before a horse fell — in miles. 


Dry. 


Damp. 


Wet. 


Average of 
60 days. 


Granite 

Asphalte (Val de Travers) 

compressed, 
Wood (Improved Wood 

and Ligno Mineral), 


78 
223 
646 


168 
125 
193 


637 
192 
432 


132 
191 
880 



His remarks in connection with these observations give interesting 
details, and are as follows: — 

" Slight rain makes both asphalte (rock) and wood more slippery than 
they are at other times. On asphalte the slipperiness begins almost imme- 
diately the rain commences ; wood requires more rain before its worst condi- 
tion ensues. The slipperiness lasts longer upon wood, on account of its 
absorbent nature, than it does upon asphalte ; when dry weather comes after 
the rain, then asphalte is in its most slippery state, and the horses fall on it 
very suddenly ; on wood their efforts to save themselves are more effectual ; 
wood also is frequently in that peculiar condition of surface in which horses 
slip or glide along it without falling. A small quantity of dirt upon asphalte 
makes it very slippery ; wood requires a large quantity. Slipperiness can 
be temporarily cured on both pavements — on the asphalte by sprinkling it 
with sand, on the wood by sprinkling it with gravel. The result in both 
cases is dirt. The sand thrown on asphalte helps to wear it out, the gravel 
thrown on wood tends to preserve it. When a horse falls ou asphalte it has 
great difficulty in getting up ; on wood it rises more raadily." 

* Report on Aecid&nts to Horses on Carriageway PavementSf by G. William Hay- 
wood (1874). 
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541. The only other observations of a similar nature carried oat) so far 
as the author is aware, are those made by Captain F. Y. Greene in the 
United States, the results being as follows : * — 

Asphalte (Trinidad), 588 miles 

Granite, 418 

Wood, 272 



If 
II 



These figures differ from those given by Ck)lonel Haywood, both in their 
order and relative values, but probably the climate has something to do with 
this. 

542. In thoroughfares crowded with traffic, the continual stopping and 
re-starting of heavily laden vehicles is very trying to horses, especially when 
the pavements are in a greasy condition, after a slight shower of rain or 
during the prevalence of fog. Washing the surface and applying fine gravel 
to a pitched pavement increases the foothold considerably, while the same 
treatment of soft wood pavements has the additional advantage of assisting 
in preserving the timber by reason of the small stones being crushed 
into the surface and so indurating it. Sprinkling sand on an asphalte 
pavement greatly increases the foothold, but it is detrimental to the sur- 
face, as it helps to wear it out 

548. Table LIX. has been prepared by Mr. Boulnois, and shows the 
essentials of a good paving material for first-class pavements, based on a 
theoretical and practical study of the subject. 

If a numerical value be given for these properties to the several descrip- 
tions of pavement, it will be found that they appear in the following order : — 
asphalte, granite, bricks, and wood. 

544. There is a marked difference between the description of pavements 
employed in large towns where the financial position ensures that the best 
form suitable to the locality and interests of the inhabitants can be provided, 
compared with those in provincial towns and urban districts where, as a rule, 
the financial resources are limited. In the latter, this, to a great extent, 
restricts the use of first-class pavements, although in many cases a less expensive 
class of road covering is sufficient for the purpose. Pitched pavements, with 
or without a rigid foundation of concrete, are generally adopted, especially 
in manufacturing towns, where a smooth and noiseless paving is not of 
much consequence ; and when the material is of a durable nature this descrip- 
tion of roadway is ultimately the most economical, although the first cost may 
be considerable. It should, however, be understood that the cheapest pave- 
ment in first cost is not always the most economical, because it has been 
proved that the most suitable for the traffic is the most satisfactory and 
economical in the end. A heavy annual expenditure for maintenance 

* Bryne on Highway OonHruetum» 
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generally shows that restriction of the initial expenditure in oonstnictiiig 
a carriageway pavement has been the main object rather than suitability 
and efficiency during its lifetime. 

545. In districts where the traffic is medium to lights and the thorough- 
fares comparatively level, tar-macadam may be advantageously adopted. 
It forms a smooth, impervious pavement when properly executed, and has 
the additional advantage that when suitable material can be conveniently 
obtained it can be constructed cheaply. 

Ordinary or dry macadam, although the most expensive roadway to 
maintain where there is a heavy wheel traffic, has the advantage of posseea- 
ing the best foothold for horses. On light trafficked town thoroughfares a 
steam-rolled macadam road is the cheapest form of constouction, and when 
properly made with approved materials little mud or dust results compared 
with traffic consolidated roads, and is the class of roadway generally preferred 
by residents in suburban districts. 

546. The great difficulty in comparing one class of pavement with 
another in regard to the durability of the material, precludes any definite 
comparison being made as to their respective lives under varying conditions 
or of their comparative economical advantages. Ab this can only be attained 
by direct observation, it is desirable that such records should be made period- 
ically under proper regulations and in a uniform manner. It is essential that 
a careful census of the hoof traffic and the wheel traffic be made, so that the 
actual amount of traffic tonnage, both fast and slow, reduced to a standard, 
passing over any street, can be accurately ascertained for a given period ; this 
is generally stated in tons weight of traffic per yard of width of roadway 
per annum. From these data the actual cost of construction and the 
amount expended for annual maintenance, reliable figures for comparison 
would be obtained. This census, while applicable more particularly to 
large cities and towns, would likewise be of great advantage if applied to 
provincial towns and country districts where there is a considerable amount 
of traffic passing over the roads. No doubt the amount of tonnage would 
fluctuate considerably at difibrent seasons of the year, especially in country 
districts, but a fairly accurate record of the traffic could ultimately be 
arrived at. 

Many records have been kept in the principal cities of the number of 
vehicles passing along a particular thoroughfare, but the approximate weight 
of each individual vehicle and its load, and the width of the roadway not 
being given, the information is obscure and void of any real value, except 
perhaps as a general statement of facts. 

No doubt some difficulty would arise in regard to hoof traffic which, in 
many instances, causes more wear to the pavement than the wheels of 
vehicles ; still more definite data might be collated, and a standard adopted 
by which the traffic passing over a road could be calculated. 
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047. Isolated iDstances of the amount of traffic and the number of 
vehicles passing over some thoroughfares in London ate recorded, which are 
here given : — 

Table LX. 



Locality. 



WestminsteT Bridge 
Boad, 1899. 

Strand, 1890. 



Euston Road, Western 
end, 1895. 

Euston Road, Eastern 
end, 1894. 



Piocadillj, 1899. 



Chea]^ide, 1899. 



Tottenham Coart Road. 



Vehicles. 



8764 (west aide) in 12 hours. 



8014 (east side) 



If 



1228 per hour and 15,000 from 8 
a.m. to 12 midnight Omni- 
buses are included in this num- 
ber, and vary from 860 to 444 
per bonr or about 87 per cent, 
of the total number of vehicles. 

Omnibus traffic equals 7 '72 per 
cent of the total weight of traffic 

Omnibus traffic equals 81*8 per, 
cent do., and 19 per cent, of the] 
total number of vehicles. The! 
average number of omnibuses! 
traversing Euston Road is 250 
per hour. 

1497 per hour, of which 423 are 
omnibuses, beins equal to about 
28 per cent, of the total number 
of vehicles. 

661 per hour, of which 884 are 
omnibuses, being equal to about 
58 per cent of the total num- 
ber of vehicles. 

661 per hour, of which 487 are 
omnibuses, being equal to about 
74 per cent, of the total number 
of vehicles. 



Tonnage. 



884 tons per ft. In width 
of roaa in 12 hours 
(6 a.m. to 6 p.m.). 

288 tons do. do. 



575,544 tons per yard 
in width per annum. 



411,818 tons per yard 
in width per annum. 



In Liverpool the traffic tonnage and annual cost for maintenance per 
square yard of the different descriptions of pavement, and of the pitched 
pavements in particular, have been recorded since 1872, the material being 
from different sources. 

548. The following record Table (LXI.) of street traffic is the form 
adopted in London. 

Si9. Besides the amount of traffic which a carriageway pavement has 
to sustain, the relative safety of the different descriptions of pavements 
should be recorded, while the damage done to horses, vehicles, and harness. 
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by reason of an irregular surface or a state of disrepair, must not be lost 
sight of. It is generally admitted that a pavement with a smooth, regular 
surface means longer life to horses and vehicles, the road surface does 
not wear out so quickly, and the cost of transit is considerably reduced, 
but singularly enough the better the class and condition of the pavements 
the greater is the amount of heavy individual loads hauled over them. 



CHAPTEK XIII. 

FOOTWATS — KERBS, CHANNELS, GULLIES, PAYING MATEBIAL FOR 

FOOTPATHS. 

6«!K). All footways in towns require a kerb at their outer edge, so as to 
define them and to form a sill for the raised path against which the material 
that it is paved with may butt. 

A kerb is also particularly required to keep off vehicular traffic, and 
shoidd be of a sufficient height, varying from 3 inches to 8 inches, except at 
crossings, to prevent surface water in the channels flowing over the foot- 
walk ; it also retains the foundation and surface of the pavement Kerb- 
stones of less height, apart from allowing water to flow over the footway, 
would render it possible for vehicles to drive on to them, while a greater 
height than 7 inches or 8 inches is inconvenient for foot passengers. A 
kerb likewise forms the side of the channel or gutter, and retains the 
haunches of the carriageway. 

551. The materials used for forming kerbs are of various descriptiooB, 
but, for first-class thoroughfares having much traffic, granite, syenite, and 
whinstone are by far the most satisfactory for this purpose^ and although 
expensive in first cost are much more economical in the long run. The 
other materials used are sandstone, cement concrete, vitrified fireclay blocks, 
cast and wrought iron. 

Granite, syenite, or whinstone kerbs are made in various sizes ; where 
concrete is used for the foundation they are generally laid on their flat, as 
shown in figs. 124 and 126, the usual size being 12 inches by 8 inches. 
For the most part kerbs are made 6 inches to 8 inches by 12 inches; they 
are never made less than 4 inches wide and 9 inches deep, laid on edge, 
which gives a sufficient hold in the ground for all practical purposes. For 
comparatively level thoroughfares the blocks are dressed rectangular, but on 
gradients, or where they are likely to be used as a drag for heavy vehicles, 
the kerbs are generally splayed off on the front face, as shown at figs, 124 
and 126, in order to minimize the grinding action and rough usage likely to 
arise from the wheels of heavily laden carts and wagons. 
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552. Stone kerbs should be dressed with a margin draft along both top 
edges, and hammer-dressed about 6 inches on the face and 3 inches on the 
back, and to the fall depth on the ends or jointing surfaces, while the top 
surface should be similarly treated, or the blocks may be ' nidged ' on the 
top and sides to the depths mentioned. This ensures a clean, decided 
junction for the paving material of the footway, and presents a smooth and 
well-defined surface alongside the channel. The kerb-stones should not be 
less than 3 feet in length, and wheu 7 inches or more in width the upper 
surface ought to be bevelled off, so as to conform with the slope of the foot- 
way, and thereby enable rainwater falling on the surface to readily reach the 
gutters. When deep kerb-stones are employed, as shown at figs. 124, 125, 
and 126, they are generally bedded on gravel and a layer of sharp, clean sand, 
and beaten into position by means of a heavy maul or beetle ; the gutter 
side should be farther consolidated by using a cramping-iron or iron bar. 
By such means open spaces are avoided, which, if they existed, would in 
time tend to overturn the kerb towards the carriageway, and shift it from 
its upright position. Besides being unsightly, this might necessitate its 
having to be relaid, entailing additional expenditure. Great care should 
be exercised in setting out and laying kerbing, both in regard to line and 
level, as there is nothing more unsightly than badly laid kerb-stones. 

553. Cement Concrete Kerb. — These can be made in blocks, the con- 
crete being placed in moulds and manipulated by hand or subjected to 
hydraulic pressure, and laid in position in the same way as stone kerbs, 
which is preferable, or it may be formed in stttu In either case the 
durability of this class of kerb depends on the quality of the gravel or 
other material used, and the cement. This description of kerb is generally 
used when the footway is made of concrete, and is only suitable for streets 
of light or medium traffic, where it is not likely to receive heavy blows or 
be subject to the grinding action of the wheels of passing traffic. 

554. Fireclay Brick Kerbs. — Kerbs of this class, principally of the blue 
Staffordshire description, are used in many subsidiary streets in provincial 
towns. The chief point is economy, but, like kerbs made of concrete, they 
can only be successfully employed in streets of light traffic. Brick kerbs 
are greatly used in the United States and Holland. 

555. Oast- and Wrought^Iron Kerbs. — This description of kerb, although 
-of late their use has been more extended, has not been much used in this 
country. They have, however, been frequently used on the Continent. So 
far as the wearing point or edge is concerned, they protect the roadway well, 
but their shape makes them dangerous for pedestrians, owing to their be- 
coming slippery. The cost of these kerbs, their shape, and the difficulties 
in laying them in a uniform manner appear to have prohibited their use on 
an extensive scale. Fig. 127 shows a cross section of a cast-iron kerb. 

556. The wrought-iron kerb, or edging, is now extensively used in con- 
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□ection with ' concrete in titu ' pavements. It urves the purpoae very well, 
and has a Bmart, well-defined appearance. It is economical, especiallf where 
there eziat old irregular kerbs which reqnire to be renewed. The edging con- 
siatfl of an iron plate 9 inches to 12 inches deep and ^ inch thick, jointed 
longitudinally where necessary by a cover-plato fixed on the footpath side of 
tlie kerb. This kerb plate is fixed in position, as regards line and level, bj 
means of thin rods of iron 18 inches long, which are inserted in the edging- 
plate every 5 feet, and, projecting into the footway, are kept rigidly in 
position by being attached or anchored to a batch of concrete on the top of 
the fonadation which ultimately forms part of the under layer of the pavo* 
ment. The top of the iron plate is fixed so that the finished level of the 
paving material will correspond with it. Fig. 138 shows a cross section of 
a wrought-iron kerb or edging. 

6S7. Channels. — Channels or gutters are necessary in connection with 
footways and canriageways to receive the surface vater from the roadway 
and convey it towards the gullies ; they also protect the kerbs from being 
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Flo. 127.— Cut-iron ksrb. Fio. 128.— Wronght-iron kerb or edging. 

undermined, and enhance the appearance of the street. The channels are 
sometimes formed to the same contour as the roadway, as shown in figs. 125 
and 126. The general practice, however, when they aro constructed with 
slabs or setts is to lay them level transversely, as shown in fig. 121, or to 
slightly dish the upper surface, or to use 'hollow channel,' as shown in 
fig. 121. When streets are paved with sette, aspbalte, or wood blocks, the 
same class of material is generally employed to form the channels. Setts 
and wood blocka of the same size as the ordinary paving material, and in 
some instances of less size, are laid horizontally, inatead of transversely, 
so as to aid the flow of water alongside the kerb. The gutters are made 
from 12 inches to 18 inches wide, with from i to 6 courses of blocks; at 
times granite slabs are made use of from 12 inches to 15 inches wide and 
6 inches thick, square dressed on their abutting faces, so as to fit closely 
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together, the upper surface being nidged or tooled. This description of 
fnaterial makes an excellent gutter, but it is somewhat expensive. 

M8. Channels should not be laid with a flatter gradient than 1 in 300, 
and when practicable they ought to be set so as to show 5 inches of the 
kerb above it, but of course this will depend entirely on the gradient On 
practically level carriageways the channel will vary from 3 inches to 7 
inches below the upper surface of the kerb in order to give sufficient fall 
for the surface water to drain rapidly towards the gullies. Figs. 125, 126, 
and 127 show the arrangement of channels for different descriptions of 
carriageway pavements. 

559. At crossings or intersections of streets the channels are raised so as 
to be nearly on a level with the kerb, which is a great convenience to pedes- 
trians. This arrangement, under certain circumstances, necessitates extra 
gullies, but it is a much more satisfactory method of overcoming the diffi- 
culty, compared with that of employing rectangular iron conduits (which 
have been much used in the past), besides being less objectionable as regards 
interference with vehicular traffic. 

560. Gullies. — ^These are placed at certain intervals along the gutters, 
and are connected with the sewers. The distance apart will vary consider- 
ably, according to the gradient of the carriageway, the nature of the traffic, 
and the capacity of the gully itself. They may be made of brick, stoneware, 
or iron, and covered with gratings of cast or wrought iron. The essential 
points which a street gully should possess are: — 

1. The area of open grating must be sufficient to cope with heavy and 
sudden raiufalls. 

2. The grating must be so constructed as to permit of the least possible 
obstruction or choking on its surface by road detritus, paper, straw, or 
leaves. 

3. The gully must be of adequate capacity to retain the road detritus 
below the outlet pipe and so prevent its entrance into the sewer. 

4. It should have a deep-water seal or trap to prevent the escape of 
sewer gas, be easily cleaned out, and so coustracted that it can be readily 
cleared by suitable means should a stoppage occur. 

5. The grating should be such that it will form the least possible obstruc- 
tion to the traffic, and on macadamized roads the outlet pipe of the gxdly 
ought to be placed at such a depth below the surface of the roadway that 
it will be free from danger or injury by heavily laden vehicles and steam 
rollers. 

6. It should be constructed of materials not likely to be damaged by the 
tools employed for removing the detritus, and it should be made strong and 
thoroughly water-tight. 

561. Sykes' Stoneware and Iron Gully.— These gullies are made of 

granite stoneware or cast-iron, and are circular or rectangular in form. 

2 B 
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Th« outlet conoection to the sewer U kept low witb a view to avoid any 
danger of fracture ; it has a deep-water seal which prevente antrapping is 
hot weather, aud is so arranged, b; means of a tongue or diaphragm, that the 
water aftor falling iuto the gully hsa to rise over this diaphragm before it can 
escape, which arrangement arrests all road detritaa. Figs. 130 and 131 
show this gaily, the diagrams being self-explanatory. The cost of these, 
complete, varies from 20s. to 60s. for circular gnlliea, and 608. to 75s. for 
those of an oblong shape. 

fi62. Crosta'g Sni&ce Water Gully.— This gully, shown at figa. 132 
aud 133, is well desigued, and is in every particular a firet-<;la8B article, and 
has been largely adopted in all the principal cities aud towns. It is made of 
east-irou in various sizes, from 1\ up to 25 gallons capacity, is strong enough 



Fioa. 180, 131.— Sykes' golly traps. 

to withstand the heaviest traffic, and is self-contained and tboronghly water- 
tight. It is provided with a double trap, and the small area of the water 
exposed to the atmosphere perfectly seals noxious gases at all times aud 
under all conditions, while it thoroughly int«rcepte all road detritus. 

The smallest size made measures 31 J inches x 18 inches by 26 inches deep, 
the top measurement being 17J inches x HJ inches. The lai^est size, the 
cap icity of which is 36 gallons, measures 25 inches x 22 inches, and 3 feet 
6 inches deep, the dimensions at the top being 21 inches x 17 inches; the 
outlet pipe for all the different sizes of gullies is 6 inches in diameter. 

The cost of these gulUes varies from 38s. 6d. to 63b. 6d. 

568. There are many other descriptions of gullies made, too numerous to 
mention, but the following possess considerable merit, and are for the most 
pert manufiictured in stoneware, namely : — Doulton's, Willoughby, Wakefield, 
Priests, and the Gloucester gully ; the latter is made with a mud box which 
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cau be easily lilted out and emptied by means of a book, and is manufactured 
in cast-iroQ, the eize being 18 inches x 15 inches x 17 inches. 

561. Under certain conditions, in many localities large gully pits are 
£onslructed so aa to retain a considerable quantity of road detritus. 
Theee, for the most part, are placed in streets situated on a gradient, and 
are generally built of brick and lined with cement or asphalte, while at 
times they are provided with double gratings ; the size of the pit may be 
3 fuetxl| feet, and from 3 feet to i feet deep. Fig. 134 shows one 
oi these gully pits as uwd in the city of Liverpool.* It is conatmctod of 



FiOB. 132 and 1S3.— Ames's Crost&'a gully trap. 

brickwork lined with cement, the bottom being of York or other suitable 
fiag, while the tongue is made of similar stone. 

665. FootwayB. — The width of footways is generally regulated by the 
width of the carriageway and the amount of pedestrian trafBc passing along 
the street. This is a matter which should receive considerable attention, so 
Bs to avoid, in exceptional cases, excessive proportions for either the footpath 



Fio. 131, — Section of gully pit used in Liverpool. 

or the carriageway. In ordinary circumstances the footway on each side of 

a carriageway may be advantageously made ^ to ^ of the total width of the 

* Cn/TtnjKto jj'l aai Foolvtays. By H. Pdrcy Bouluois, C. EL 
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roadway ; the fall from the heel of the path to the kerb may vary from {• 
inch to ^ inch per foot^ according to the description of the material naed for 
paving the footpath. For concrete and aaphalte the former fall is sofficient^ 
while the natural stones, bricks, and such-like materials are laid with the- 
latter fall or a gradient of 1 in 48. 

The materials of which the wearing surface of footways are made vary 
considerably, and these afford an opportunity for selecting a suitable paving;- 
under different conditions of traffic and situation. 

566. QualitieB which Paving MaterialB should posseBs.— The qualities^ 
which should characterize a good paving material may be enumerated a» 
follows : — It should be durable and smooth without being slippery ; it should 
absorb the minimum quantity of water and dry quickly after rain ; it should 
also be non-abrasive, uniform in texture so as to wear evenly, easily cleansed^ 
have a good appearance, and be economical in first cost. 

The different kinds of material used which are suitable for this purpose* 
are divided into natural stones and artificial stones, or compositions, the fol- 
lowing being the principal descriptions employed : 

1. Natural stones, such as Caithness, Yorkshire flagging, and Arbroath, 
pavement. ^ 

2. Asphalte, rock and Trinidad, tar-paving. 

3. Concrete, in monolith and slabs. 

4. Bricks and tiles. 

5. Cork i>aving, sanitary blocks, and various other compositions. 

The selection of the best material which will answer the requirements la 
regard to situation and heavy pedestrian traffic should be made only after 
actual trial, although many of the properties necessary may be previously 
ascertained, such as the absorbent powers, the specific gravity, and rubbing, 
to ascertain the effects of abrasion of the material proposed to be employed. 

567. A good foundation is indispensable for footways, and when a 
natural one does not exist, an artificial foundation must be provided. This 
may be accomplished by the use of furnace clinkers or cinders, broken 
bricks, tiles, and freestone shivers, with the addition of proper drainage to 
dispose of any water penetrating to the underbed of the footway. By using 
a suitable material for the foundations (which should be well rolled), the 
cracking or damage resulting to the wearing surface, and which is often attri- 
buted to bad workmanship in laying it, will be obviated or at least reduced 
to a minimum. 

568. Of the natural stones used for paving a footway, Caithness flags 
are considered the best. This description of pavement is very durable, wears 
evenly over the whole surface, and does not become slippery ; it is imper- 
vious to wet, and dries quickly after rain ; it is not affected by frost, and 
dust and dirt do not adhere to it readily. It is a very dense material, doea- 
not laminate, and can be easily taken up, turned, and re-used when worn. 



PAVEMENTS. 389 

TThis description of paving varies from 1| inch to 2 inches in thickness, as 
eliown in fig. 125 ; the joints are generally sawn, which facilitates the ex- 
peditions laying of the pavement The first cost is against its general 
adoption in many of the large towns, although it is extensively need in busy 
manufacturing centres as Liverpool, Birmingham, South Shields, and Sun- 
derland ; it is also much used in Scotland, especially in Edinburgh, Glas- 
gow, and Aberdeen. 

569. Yorkshire Flags. — ^These possess many of the essentials of a good 
paving material for footways, and are generally made from 2| inches to 3 
inches in thickness. This description of paving does not wear smoothly ; 
consequently it affords a good foothold. It is easily worked to curves or 
irregular lines, and has an agreeable appearance. Like Caithness flags, they 
can be lifted, redressed, and used again ; but the great drawback to Yorkshire 
£ags is that they wear unequally, and are liable to laminate under atmos- 
pheric influences, especially in frosty weather. 

570. Arbroath Pavement. — This description of paving material is much 
used in Scotland, especially in the larger cities and towns. It varies from 
2^ inches to 3 inches in thickness, is of an agreeable appearance, wears 
evenly, and can be used again by being redressed. The joints are sawn 
square to the full thickness, which ensures quick and accurate laying. 

571. Laying Natural Stone. — The different kinds of paving material for 
footways mentioned should be bedded on the foundation already mentioned, 
with a layer of lime mortar evenly and truly laid with square joints, which 
should be flushed up with good mortar. 

572. The life of these footway paving materials will of course vary 
liccording to the amount of pedestrian traffic. Caithness flags in many 
instances have been down for fifty years, but twenty-five to thirty years 
may be considered about the maximum duration for them. It has been 
stated that in some instances Yorkshire flagging had only a life of from six 
to seven years, but this probably was owing to a soft description of this class 
•of stone being used. 

578. Other natural stones of the sandstone and limestone order are em- 
ployed locally, such as Pennant, Purbeck, Blue lias, Devonian limestone and 
Lazonby ; the latter sandstone, from the Penrith district, is very durable, 
and affords a good foothold, and the selected sorts wear very evenly. Granite 
jslabs, which were extensively used years ago, are now seldom laid. They 
are very durable, but the multiplicity of joints is a serious defect, and they 
also become extremely slippery. The slabs are difficult to dress and are 
Tery expensive. 

574. Asphaltic Footway Pavements. — Foundations for this description 
•of footway paving should be of Portland cement concrete, six to one, and 
laid from 3 inches to 4 inches in thickness. The surface of the concrete is 
ismoothed over, and three to four days must be allowed for it to set before 
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commencing the spreading of the asphalte, The method of laying rock and 
Trinidad asphalte is very similar to that for carriagewajSy which has been 
already described, the only difference being, that the thickness is reduced to 
f inch and 1 inch respectively. Owing to the creeping tendency on footways 
situated on an incline, the former description of asphaltes, principally 
Limmer, Val de Travers, and Seyssel, the first possibly being the best 
known, cannot be laid with advantage owing to the tendency to crack 
through this cause. 

575. Trinidad asphalte, however, when the binder course is introduced, 
can be laid on footways situated on steep gradients. This material forma 
a thoroughly smooth, impervious, and durable pavement ; it affords a good 
foothold, is pleasant to walk upon, easily repaired, and can be advantageously 
used on footways having much pedestrian traffic. This description of pav-« 
ing is shown in fig. 127. 

576. Bock asphalte mixed with bitumen and grit, and known as '' mastic 
asphalte," is much used, and is generally laid about I inch in thickness^ 
The mixture is prepared in the following manner : From 75 to 63 per cent« 
of powdered rock asphalte is mixed with 5 to 7 per cent, of Trinidad 
bitumen, and 20 to 30 per cent, of grit are placed in a large covered caul- 
dron and heated for about five hours. The mixture, which liquefies at a 
temperature of from 280"* to 300° Fahr., is conveyed to the site where it is 
to be used in ' locomobiles ' provided with a fire and agitators, and deposited 
on the foundation by means of pails, previously heated, and spread with a 
float. The pavement is finished by being strewn with silver sand well 
rubbed into the surface. Fig. 127 shows this description of footway pave- 
ment. 

When the work has to be carried out at a distance from the manufacturing 
depot, the asphalte is made into flat cylindrical cakes of about 50 lbs. each. 
These are taken to the site of the work and remelted in small street caul* 
drons, an allowance of from 3 to 4 per cent, of bitumen being added to the 
melted mixture to make up for the loss by evaporation. One ton of asphalte 
will cover an area of 20 square yards, laid to a depth of 1 inch. 

577. Tar Concrete Pavement. — This description of paving material 
is much used in suburban districts where the pedestrian traffic is light The 
methods of manufacturing and laying vary considerably in the different 
districts where it is employed. 

The process is somewhat similar to that of making and laying tar 
macadam, only the aggregate used is much smaller, generally consisting of 
fine gravel or stone chippings. The stones vary in size from 1^ inch to- 
\ inch gauge, and these are dried by being heated, and a boiling composi- 
tion is added in the following proportions : — 
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12 gallons of tar. 
i cwt. of pitch. 
2 gallons creosote oil. 
1 ton of screened material. 

This mixture is spread in layers, the largest sized stones being laid on the 
prepared foundation and finished with the smallest class of material, each layer 
being compressed by means of a hand-roller, weighing about half a ton, until 
a uniform surface is obtained. 

For really good work, the material forming the aggregate should be 
capable of absorbing a certain amount of the tar composition, for which 
purpose mountain limestone or Kentish rag is the best. If hard material,. 
Buch as granite or whinstone be used, a bumpy surface is the result, which,, 
besides impeding the drainage, makes a very unpleasant path to walk on. 
As in the case of tar macadam and asphalts pavements generally, tar concrete 
paving must be carried out in dry weather, preferably in the spring or 
autumn, while the success of the pavement will depend to a great extent 
on the e£ELcient drainage of the underbed. 

To add to the appearance of a tar concrete paving, white spar or stone 
dust is thrown over the surface, rolled in and finished with sand. Like tar 
macadam for roadways, tar concrete improves by being stored for a few 
months previous to using it. When applied under these circumstances^ the 
mixture is ' freshened ' by the addition of a small quantity of refined tar. 

578. Apart from ordinary repairs the surface of a tar concrete footway 
requires dressing occasionally. This is performed in dry weather by apply- 
ing hot tar to the surface (previously swept clean), and spreading a layer of 
sharp sand over it This will prevent the dressing adhering to the feet of 
pedestrians, and at the same time form a skin and add materially to the life 
of the paving. The tar for this purpose, as well as for the concrete mixture, 
should be well seasoned or refined to ensure good results. 

Tar concrete paving is not suited for main thoroughfares in populous 
centres, its proper place being suburban districts and footways in small towns. 

579. Concrete Paving. — This class of footway paving may be carried out 
in monolith, and also by laying prepared slabs ; they are for the most part 
practically the same, being formed of gravel, broken stone, or granite 
reduced to the size of pea gravel, or ^ inch in diameter, mixed with Port- 
land cement in the proportion of 3 of granite to 1 of cement. 

There is an endless variety of this description of paving material made 
by different firms, a few of the principal kinds being as follows : — 



Stuart's Qranolithic, laid in situ or as 

flags. 
Imperial Stone (Company's), laid in situ or 

as flags. 
Victoria Stone. 
Adamant Stone. 



Jones' Annealed Stone. 
Ransome's Stone. 
Femimite Stone. 
Backnell's Granite Breccia. 
Guernsey Granite Concrete. 
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This description of paving material for footmiys has made great pro- 
gress daring the last few years, and as most of these are manofactored and 
laid in a similar manner, with bat minor variations, only the principal 
f eatares of a few will be described in detail. 

980. Stnarf 8 Granolithic in situ Pavement. — ^This description of 

» 

paying, which has been laid in almost eveiy town of importance in this 
country and abroad, like all others of a similar natare, requires a good firm 
foundation, as on this depends, to a great extent, the future of the wearing 
surface or its being able to withstand the pressure of the pedestrian traflSc. 

The ground is excavated to a depth of 5 inches below the finished lerel, 
and upon this is spread a layer about 4 inches in thickness of dnderi^ 
gravel, f amaoe clinkers, broken tiles and bricks, freestone shivers, or other 
suitable material. This layer mast be properly punned or rolled and the 
interstices filled up, and the upper surface should be 2 inches below the 
fioiBhed surface of the footway. 

The pavement is divided into panels or bays varying in width from 4 to 
6 feet, separated by strips of wood. Narrow panels are necessary to prevent 
the concrete forming cracks transversely when a sadden change of tempera- 
ture takes place, which has been the cause of this description of paving being 
thrown out of position when laid in situ with panels of greater widtL 

The strip of wood is at times retained, but in most instances it is 
removed, the alternate bays or panels being constructed after those first 
laid are set and have become thoroughly hard. A strip of roofing felt is at 
times introduced between the joints to provide for expansion, and serves 
the purpose admirably, provided the panels are not laid of a greater width 
than 3 to 3| feet. 

After the area is divided into bays, a layer of concrete (4 to 1), 1} inch 
to 2 inches thick, is spread and well punned with fiat-headed beatera, and 
before this first layer is set a fioishing coat of fine concrete, consisting of ten 
parts of granite chippings, thoroughly washed, to one part of Portland 
cement, is spread. The concrete should be carefully mixed, water being 
added only in small quantities. The finishing coat is spread to about a 
thickness of 1 inch, and well worked to remove all cavities, the surface 
being then trowelled off smooth. Every alternate bay is finished and 
allowed to set properly before the intermediate panels are commenced. The 
wearing surface, when partially set, is finished with an imprint hand-roller, 
either making indents or forming a grooved or corduroy surface, for the 
purpose of giving a better foothold. With some descriptions of concrete 
paving such means of preventing slipperiuess is not considered necessary, 
except on inclines, while at the same time some authorities state that it 
interferes with the wearing surface of the paving. Fig. 129 shows a cross 
section of Stuart's granolithic pavement 

Traffic should not be permitted on the pavement till the concrete has 



FAVBMBNTS. 393 

-tlioTougbly set and become hard, and till then the pedestrian traffic should be 
•diverted^ or accommodated by placing a temporary platform of wood over the 
ssurface. In hot, dry weather the concrete, after being laid, shonld be 
j>rotected by spreading sand over the surface, or by placing old cement bags, 
kept thoroughly wet, on the pavement 

581. One objection to this description of pavement for footways is 
-that repairs are difficult to make should the covering be lifted for the 
purpose of laying or renewing pipes. The greatest objection is the prolonged 
disturbance of the pedestrian traffic during the time it is being laid 
^nd setting, a serious matter in a busy thoroughfare, where shops abut 
•on the footway. This class of pavement should only be laid in good 

weather, heavy rain or the prevalence of frost being detrimental to its 
•durability. 

582. Concrete Slabs. — ^In consequence of these objections in connection 
with monolith pavements, concrete slabs, which are free from the defects 
jnentioned, are now frequently used. Victoria stone and many other de- 
■4criptions of concrete slabs are made in a similar manner ; they are formed in 

wooden moulds lined with metal, to facilitate their being removed when set. 

They are composed of broken stone, gravel, and sand mixed with 
Portland cement and water; in many cases a solution of silicate of soda is 
4iJded. They are made iu various sizes, the most useful dimensions for 
jiaving work being 30 inches in length and 24 inches in width, and 24 
inches square by 2 inches thick. The process of making the slabs hard and 
-dense is carried out by some firms by subjecting the concrete to great 
pressure in the moulds. 

The aggregate, consisting preferably of f inch granite chippiugs, washed 
to remove the associated dust, is thoroughly mixed in a dry state with 
I'ortland cement, the proportion adopted being three of the former to 1 of 
the latter. After tbis has been accomplbhed, water is added in a careful 
manner, and the whole is mixed until thoroughly incorporated. The 
^compo' is then placed in moulds and worked at the corners and sides 
with a trowel to ensure clean, accurate arrisses all round the slab, and 
finished to a smooth surface. The moulds containing the concrete are by 
.some processes subjected to a mechanical movement of a jolting nature, 
which motion gets rid of many of the air cavities. 

The slabs are removed from the moulds at the expiration of two days, 
^nd stored so as to become air-dried for seven to nine days, and then, 
should the process be adopted, immersed iu a bath containing a solution of 
silicate of soda. After being so treated for a week or fourteen days 
.According to the capacity of absorption, the slabs are stacked in the open 
Jbr some months to season, previous to being used. Fig. 126 shows a foot- 
way paved with slabs. 

Many manufacturers of these concrete slabs use only one class of 
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granite chippings, which is produced principally at the quarries in Aber* 
deenshire, Bonawe, Famess, Leicester, Guernsey, and Quenast (Belgium). 

583. Adamant Paving Slabs. — This paving material is made of finely 
crushed Aberdeen granite and the finest Portland cement The concrete,, 
when properly mixed, is placed in moulds and then subjected to hydzaulie 
pressure. This effectually disposes of both air cavities and moi3turey the 
result being a dense, non-porous, and homogeneous stone or slab, which can 
be immediately handled. By this process the slabs can be manufactured 
and laid in the course of a few days ; the ordinary sizes made are 3 feet x 
2 feet, 2^ feet x 2 feet, and 2 feet square by 2 inches in thickness. 

These slabs for |)aving footways are largely used in Aberdeen, Edin- 
burgh, and many English cities and towns. Paving slabs are extensively 
made in certain towns from the clinker produced by refuse destructors, 
mixed with Portland cement. These are not, however, so durable afr 
concrete paving made with granite chipping, but they form a cheap material 
which is quite suitable for footways in subsidiary streets. Pavements- 
formed with concrete slabs are easily cleansed, and being non-absorbeut^ 
dry quickly after rain ; they can be expeditiously laid and wear evenly. 

084. Bricks or Tile Paving. — Bricks or tiles to be of any value as a 
footway paving require to be of hard vitrified* stoneware ; they do not fona 
an ideal paving material, but are greatly used in many towns in the Midland 
counties of England. 

Blue Staffordshire, and Buckley bricks measuring about 10 inches x 
5 inches x 2 inches deep, with a chequered or diamond pattern surface, are 
those most largely used; they make a durable pavement when laid on a 
foundation of concrete. 

Owing to the numerous joints, this paving is difficult to cleanse ; and 
when worn becomes slippery and uneven. The appearance of brick paving 
is not in its favour ; it docs not make a pleasant surface to walk upon, but 
it is well suited for many footways in the streets of manufacturing towns. 
The bricks can be lifted and relaid at small cost, which is a point in its 
favour, especially where the footways are often disturbed in introducing or 
repairing service pipes and house connections. The life of this paving ia 
estimated at various periods up to thirty years. 

585. Brick paving is much used in the United States as a material for 
covering footways in the towns where it is extensively employed for carriage- 
way pavements. 

586. Cork Paving and Sanitary Tiles. — Compressed cork paving for 
footways are practically noiseless, are not slippery, and are non-absorbent ;. 
the blocks measure 9 inches x 4J inches x 1 inch ; they are jointed with a 
bituminous grout laid on a concrete foundation 3 inches in thickness. 

587. The sanitary tiles for footways are made in 8-inch squares or 5-incb 
hexagons, and 2^ inches thick; they may be laid on a 3-inch concrete 
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foundation, or on a bed of gravel well panned and a layer of sand. The 
blocks are laid closely togethefi the joints being closed by compression under 
traffic. It affords a safe foothold for pedestrians, is smooth and even, and 
does not become slippery through wear. It is practically waterproof, dries 
quickly after rain, and can be quickly and easily repaired in all conditions 
of weather. It is stated to be durable and economical. 

588. Footways situated in country districts are generally formed with 
from 4 inches to 6 inches of coarse gravel or freestone chips, and finished 
with fine gravel or the screenings from a stone-breaking machine. Furnace 
cinders are also used in districts where they can be easily obtained. Thia 
description of footways has been treated in Chapter YIIL, and serve the 
purpose very well when properly kept in repair. For suburban districts, and 
in small provincial towns, tar paving may be advantageously employed 
where suitable materials can be obtained. 



CHAPTER XIV. 



Subways. 



S89. The construction of subways or conduits under the street le?el for 
the reception of gas and water mains, electric wires and other conductors, so 
sa to obviate the perpetual breaking up of the street pavements in order to 
lay new pipes, discover and repair leakages, or for other purposes, is a 
fiubject of considerable public interest and an important element in the 
obstruction of vehicular traffic. It has received a large amount of atten- 
tion from time to time, but little has been accomplished up to the 
present Recently it has been proposed to construct high-level viaducts and 
tunnels or subways in addition to forming new and widening existing 
thoroughfares at important points, as a solution of the congestion of street 
traffic in London. 

590. The ever increasing pedestrian traffic has likewise received atten- 
tion j foot bridges over the carriageways, and subways with a flight of steps 
le^iding to the pavements at important street crossings have been proposed, 
the latter being the method adopted in connection with the Central London 
Railway scheme at its terminus in the open space in front of the Mansion 
House, which point has been aptly described as the " heart of the city." 

591. The necessity for subways is evident when it is considered that any 
'examination of the existing mains to ascertain their condition is impossible, 
especially where many are placed under the roadways, and it is only when 
undetected leakages^ which may have existed for a long period, become 
apparent, that measures are taken to discover and remedy the evil. The 
only recourse under the circumstances is to break up the street pavement, 
an operation which may, in many instances, extend over a considerable area 
of the thoroughfare, and involve considerable expenditure and inconvenience. 

In large cities and towns the annual cost incurred in tracing and making 
^ood the leakage of water and gas mains and connections of different public 
companies must be considerable, while the deterioration of the pipes which 
must necessarily take place when situated in a subsoil of a variable nature 
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IB alao a serious matter. The expenditure thus incurred must be enormous 
when taken collectively, and must not be overlooked ; although when divided 
amongst many companies it may not appear such a formidable figure. 

592. It is stated that in the City of London many of these leakages 
cost about £20 to discover, exclusive of the actual repairs to the water or 
gas mains, or the other connections placed under the ground. In most 
instances the carriageway pavement is irretrievably damaged when disturbed 
for this purpose, its life being materially shortened, besides leading to 
possible accidents and causing the greatest inconvenience to the traffic and 
loss of trade to business people. 

In addition to the large annual expenditure connected with the examina* 
tion for leakages and the subsequent reinstatement of the pavement^ the 
e£Eect of the percolation of water and the escape of gas permeating the sub- 
soil must necessarily create a very unsanitary condition of matters in th& 
surroundings. 

593. Early Subwaya — One of the earliest attempts to avoid the distur- 
bance of street pavements in connection with laying or repairing pipes under 
ground, so far as the author is aware, was carried out in Liverpool ; it ia 
described by Prof. Eankine.* '^ One method of obviating this is to provide 
' side-trenches,' to contain those underground works, being narrow excava* 
tions lined at the sides with brick walls, and situated under the outer edge 
of the foot pavement, by the flags of which they are covered. The wall of 
the side trench next the roadway is strengthened against the pressure of the 
earth by means of transverse walls, with openings in them for the passage of 
sewers and pipes ; and between these transverse walls the longitudinal wall 
is slightly arched horizontally. The other longitudinal wall of the side 
trench forms the back of a row of cellars under the foot pavement The 
side walls of the cellars are in a line with the transverse walls of the side- 
trench, and act as buttresses to give it stability. In the example given in 
Mr Newland's report for 1848 the side trench is 13 feet deep from surface- 
of footway to foundation, 2^ feet wide inside, and has cross walls at every 
7 feet: the brickwork is one brick, or 9 inches thick. It contains an oval 
sewer-pipe 27 inches x 18 inches, a 10-inch water-pipe and a 10-inch gas- 
pipe. Sewers which are large enough to be traversed by men may be- ' 
repaired by getting access to them through subterranean passages leading 
into them from trap-doors in the foot pavement.'' 

The earliest subways of any consequence constructed in this country 
were carried out in 1862 in South wark Road and Garrick Street^ London, 
and in Victoria Street, Nottingham, in the year 1863. For many years past 
subways have been constructed in connection with most of the Metropolitan 
improvements, such as the Holborn Yiaduct, Thames Embankment, Charing 

* Qixil EngvMerin^i by Prof. Rankine, pp. 629 and 680, taken from Reports by the* 
Borough Engineer of Liyerpool (Mr James Newlands). 
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Cross Road, Queen Victoria Street, while many have been constracted in 
existing thoroughfares. 

The " side trenches " constructed in Liverpool to accommodate a sewer 
and water and gas mains appear to have been made for the sole purpose of 
placing the pipes into them, without any consideration as to the future re- 
quirements of renewal or repair. 

594. A subway of novel construction has been recently completed at Sfc 
Helens.^ The opportunity of advocating and carrying it out was afforded 
in connection with the purchase of the tramway system, which it was decided 
to convert and equip for electrical traction. This decision vras further 
strengthened by the necessity of disturbing the surfeu^ of the streets in con- 
nection with carrying out these works and for the purpose of renewing the 
gas and water mains and services, and also the laying of electrical cables 
All these circumstances, combined with the narrowness of the streets, made 
the proposal to form a subway a decided improvement, whereby the whole 
of the mains and works beneath the thoroughfares could be properly in- 
spected, while the interference of the paved surface and foundations of the 
streets would be practically eliminated. The latter circumstance alone, 
brought about by the almost incessant renewing of gas, water, and other 
mains, would have been in itself an incentive to construct a subway. 

This subway, which measures 6 feet 6 inches by 5 feet 6 inches, is, 
with the exception of a 4^-inch ring of blue brick to form the arch, entirely 
built of concrete. The side walls and haunches are extended upwards so as 
to form the foundation of the paving material forming the street^ and is 
about 12 inches above the brick arch ; the inclination of the subway follows 
the gradient of the streets. 

No doubt the size of this subway has been determined in view of pro- 
spective requirements ; at present it accommodates one gas main 18 inches 
in diameter, two water mains, 10 inches and 6 inches in diameter respec- 
tively. Lateral ways are abo provided, opening on the footway, through 
which gas and water pipes can be conveyed where required. 

The services leading from the subway are enclosed in 6<inch earthenware 
pipes on either side of the roadway. The subway proper is constructed close 
to the kerb on one side of the street ; it is provided with gullies at intervals 
to drain surface water to the sewer. Special provision is made, in case of a 
burst in the water mains, by placing a valve at the lowest point of the sub- 
way and there connected direct with the sewer. 

• The subway is lighted throughout by electricity, and arranged so as to 
be used without fear of explosion should a leakage of gas take place; it is 
ventilated at intervals of 100 feet 

The cost of constructing this subway, although of ordinary dimensions, 

* The details in connection with this subway have been abstracted from an article 
which appeared in the Surveyor and Municipal and County Engineer, January 26, 1900. 
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18 stated to have been £7, 2s. 4d. per lineal yard, which expenditure inclades 
the lateral ways and the electric lighting ; this is certainly a comparatively 
«mall cost for such an outstanding benefit. 

595. The subways hitherto constructed in London are deficient in many 
respects, especially in being too small in most cases for the growing require- 
ments of the city, although in one or two instances a very few mains have 
been laid in some of them. The most serious objection, however, is that, in 
the mtgority of cases, they have been constructed in short unconnected 
«ections of varying size, without any general scheme for carrying out 
extensions embracing a complete system in any particular district or 
centre. 

596. The introduction of subways of an adequate size for prospective 
requirements in the principal streets of large cities is necessary for many 
reasons, but it appears that they are only constructed at present when new 
streets or improvements on existing roadways are carried out. This, no 
doubt, is a step in the right direction; but as those thoroughfares are 
generally considerably wider than the existing streets, the necessity for 
■subways in them does not appear to be so great as at points where there is 
a congestion of street traffic. 

597. Many instances exist where the gas, water, and other mains are 
<;rowded into very narrow streets, and sometimes laid immediately below the 
surface of the roadway. As an instance of this the following may be 
^iven : * — In a road at Eichmond, which measures 15 feet in width, eight 
pipes of varying diameter are laid. These consist of two 30-inch and two 
21-inch water mains, one 14-inch water main and one river main 6 inches 
in diameter, besides pipes for gas and telephone wires. It can be well 
imagined that it is almost impossible to examine, repair, or renew any of 
those pipes, and the continual disturbance of the roadway for such examina- 
tions must keep the surface in a perpetual state of disrepair. It is stated 
that in one of the London streets, extending to about one-third of a mile, 
the annual cost in connection with the disturbance and reinstatement of it 
Amounts to a sum of over £200. 

The leakage of gas and water mains, which leads to very serious results, 
besides the enormous loss to the owning companies, would be prevented or 
at least greatly reduced by the introduction of subways. The leakages of 
underground mains are mostly due to a small beginning, as, for instance, 
the joints drip or leak ; being removed from sight, an examination is impos- 
sible^ and it increases until it brings about a collapse in the surrounding 
ground. 

These mains, if placed in a subway, could be examined daily, and any 
<lefects promptly remedied; this would lessen danger and effect a great 

* "Street Subways for Large Towns," by CharleB Mason, Trans, Soe, JBnginecrs, 
1895. 
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saving in gas and water, whQe the repain, cleansing; and painting of the 
pipes and general inspection could be carried out periodically. 

598. Ventilation. — Objections have been raised that the escape of ga» 
from the mains might produce disastrous results; no doubt this would 
happen if the gas pipes were not properly inspected and prompt action taken 
for repairing them when necessary. Any leakage of a temporary nature 
tending in that direction would be easily obviated by efficient ventilation^ 
which IB of the greatest importance in any conduit or subway. 

It is reasonable to suppose that the life of gas, water, and other mains 
would be considerably increased if placed in a subway, compared with being^ 
laid in the ground and near the surface of the roadway, where a sudden 
change of temperature adversely affects them. It has been proved by obser- 
vation that the air in subways does not vary more than about ^^ while 
the range of the temperature of the outside air amounts in many cases to 
about 34*. The range of temperature in existing subways varies from about 
40* to 45* during the winter and summer months respectively. 

599. The regulations issued in 1893 by the London County Council pro- 
hibit the use of naked lights or molten lead in the subways under their 
jurisdiction, while in the city subways no such restrictions are enforced, open 
gas lights being in use throughout their length. Such restrictions in regard 
to the use of naked lights and other matters mnst seriously hamper the 
extended use of subways in many districts of London, as the public com* 
panics having Parliamentary rights to have their pipes under ground might 
not be induced to make use of the subways under these conditions. 

600. The municipalizing of public companies, which in large cities is a- 
very complex problem, would in all probability obviate many of the difficul- 
ties standing in the way of forming subways on a larger scale. If such a- 
course were adopted, these would be constructed, and the mains and other 
pipes laid, and all the works would be maintained under the jurisdiction 
of, and be the exclusive property of, one company. 

601. Construction of Subways. — ^The earlier subways carried out in 
London consisted of a semi-circular arch of brick, 6 feet high, constructed 
along the centre of the thoroughfare with the sewer underneath, and of 
laterals or sideways about 4 feet in height, branching off at right angles from 
the main subway. The more recent subways have been, for the most part,, 
made from 11 to 12 feet wide, and from 6 to 8 feet high; they are built 
with brick arching, and have laterals placed from 30 to 60 feet apart 
Many of these subways are quite inadequate for the requirements of the 
district in which they are situated, while others are only partially made use 
of. This clearly points, especially in busy streets and where many thorough- 
fares converge, to the utilizing of the greater part of the width between the 
kerbs or in very wide carriageways, the forming of a subway on each side of 
ample size, and connecting them at suitable intervals by means of sideways 
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or laterals. By either of these methods duplicfite mains could be placed near 
the adjoining properties on each side of the street and connected at con- 
venient points across the thoroughfare through the laterals. This arrange- 
ment would be preferable to having only one gas or water main in each 
street, and admits of sections being disconnected for repairs or for a burst 
pipe, and shortens the distance for the house connections. 

It would be necessary to provide drainage by means of gullies in the 
floor of the subway and laterals (to receive washings and water from the 
mains should they require to be emptied) properly connected to the sewer ; 
house drains would also require to be specially arranged for. Provision for 
the street drainage, and connections for street lamps, water posts, and fire 
hydrants would obviously be requisite also. 

Vaults under the footways have been advocated, which no doubt in 
many business thoroughfares with underground warehouses would serve for 
the purpose of storing goods, and from that a considerable revenue might 
be derived. 

602. The system of construction generally adopted in making under- 
ground railways in towns might be advantageously adopted, for the forming 
of subways, or some modification of that method. The side walls could 
be constructed of concrete or brickwork of sufficient thickness and height, 
according to the particular circumstances of the case, and covered with steel 
decking of dimensions sufficient to carry the roadway and the vehicular 
traffic safely. This form of construction could be applied to either class of 
subway above mentioned, and would give the maximum area possible, and 
be especially advantageous for hanging small pipes from the roof instead of 
having them carried by means of brackets fixed to the walls. The roofing 
and walls would require to be made thoroughly waterproof, and the floor 
laid with concrete or asphalte. 

603. For adequately carrying out repairs or renewals, tramways should 
be laid in the subways and properly equipped with rolling stock for con- 
veying and handling heavy pipes, either when laying a new line of mains or 
renewing an existing one. The entrance to the subways would require to 
be situated in a side street, in close proximity to them, and conveniently 
placed, a special access leading to the yard or court connected with the 
subways being provided and kept constantly closed, except for the admission 
of authorised workmen and the delivery or removal of pipes and other 
materials for repair. 

604. Cranes or hoists of sufficient capacity for handling heavy weights 
would require to be provided for lowering or lifting material to or from the 
trollies or bogies on the tramways. These tramways could be operated either 
by manual labour, cable, or electricity, and the whole subway illuminated 
by electric light, and parcelled out into short sections for daily inspection 
or for repairs. It would be imperative that the entrance to the subways be 

2c 
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under the direct control of the authorities, whose servants would admit only 
workmen provided with passes, and this would also guard against the admis- 
sion of anyone to the subways for illegal purposes. 

605. Undoubtedly many difficulties will arise as to the best form of 
construction to be adopted in any particular case, so as to satisfy all concerned. 
The great number of pipes in many of the existing streets would likewise 
create difficulties in constructing subways, but in no case are these insur- 
mountable, as many of the underground railways carried through some of our 
large cities have successfully dealt with similar conditions. 

606. The cost of construction, apart from the difficulties and vested 
interests, has hitherto been the great obstacle to forming subways in London, 
as well as to their introduction into other cities. Those already constructed 
in the Metropolis — that is, the single subways — have cost from £25 to J&40 
per lineal yard, while a triple subway proposed by Mr. C. Mason in 189.5, aud 
occupying the full width of a 50-feet street, was estimated to cost £80 x)er 
yard.* 

These subways are built of brick arching, which not only increases the 
cost of construction, but also causes considerable delay and annoyance 
during the execution of the work. By adopting side walls which could 
be built in trenches (which would not interfere with the traffic to any great 
extent), and employing steel decking properly coated and kept in repair, 
the work, in the author*s opinion, would be more expeditiously executed 
as well as more economical. Sections of a street could be lifted, the girders 
then placed in position and the pavement relaid, leaving the soil between the 
walls to be removed to the necessary depth, and the gas and water mains 
and other connections to be re-arranged in the subway by degrees. This 
arrangement would remove to a great extent the apparently insurmountable 
difficulty which is at present cited as militating against the forming of 
subways. 

607. The first cost of construction, which might be fairly urged against the 
introduction of subways, would ultimately prove to be a considerable saving 
when the expenditure incurred in tracing leakages and repairing breakages, 
the enormous loss of water and gas, the cost involved in reinstating the 
roadway (which at times can only be termed replacement), the great loss to 
business people through delay, and the 50 per cent, inci'ease in the life 
service of a pavement are considered. 

608. With reference to subways for pedestrian traffic, the best example 
of this kind hitherto executed is in connection with the Central London 
Railway at the Bank Station, Mansion House. 

This public subway, which has been constructed by the Railway Com- 
pany, is situated immediately under the street pavement, and is of an oval 
shape in plan. There are six entrances to the subway for ordinary foot 

* ** Street Subways for Large Towns," by C. Mason, Trans. Soc, Engineers (1896). 
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traffic, not only to the Bank Station, bat for the purpose of proceeding from 
one street to another at this extremely busy and crowded spot. 

The several entrances are situated at the following different points : — 
(1) on the pavement in front of the Royal Exchange, and following a 
north and west direction ; (2) on the pavement in front of the Union Bank ; 
(3) on the pavement at the junctions of Queen Victoria Street, Poultry, 
and Walbrook. On the south and eastwards (4) at Mansion House Place ; 
(5) at the north-east comer of the Mansion House ; and (6) on the pavement 
in front of the Liverpool and Globe Insurance Company's office. The sub- 
way then joins the starting-point under the pavement in front of the Royal 
Exchange. 

This subway for foot-traffic is 15 feet wide, lined with glazed tiles and 
covered with steel decking and concrete, and the whole length is illuminated 
with electric light. 

As the subways are placed immediately below the surface of the street 
pavements, the flights of steps leading to the footways are of easy access, 
an arrangement which is of immense benefit to pedestrians. 

Another subway, placed directly under that just described and of a 
similar width, has been constructed for the purpose of accommodating gas 
and water mains, electric light wires, and sewers. 
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609. There is no finality in road repairs. The great problem is to reduce 
the wear from wheel traffic and the effects of weather to a minimum. Many 
circumstances exist which require careful consideration, and the details 
inyolved, if properly carried out, will tend to lessen not only the tractive 
efforts of horses, which is a destructive element in itself, especially on steep 
gradients, but also the cost of construction, and economy in the subsequent 
maintenance of the roads will be promoted. Likewise, if a system of carry- 
ing out the work is adopted whereby the road covering will have a life 
service of several years compared with that under the method of repairing 
them annually, the inconvenience, vexatious delays to traffic, and damage 
to vehicles would be materially lessened, if not altogether avoided. 

One of the principal questions involved in laying out a new route, as also 
in the improvement of many existing roads, is the facility with which traffic 
between the terminal points to be united can be conveyed, and the conse- 
quent economy of the operation. Easy gradients, so far, tend to this end, 
but the prospective traffic over the road will determine what extra expense 
is permissible in order to obtain them. Qreat irregularities of level should 
be avoided if possible, as the tractive power required to carry a given load 
is mainly dependent on the steepest gradients passed over, and will be pro- 
portionally in excess of that needed for the easier gradients. 

It is not difficult to understand, on referring to Table III., p. 34, that 
the force required to haul a load up a gradient of 1 in 24 is twice that 
needed to move it on a level. A horse can exert twice his ordinary strength 
for a short period of time, and is therefore able to take the load up such a 
gradient for a moderate distance, but beyond such distance it will require 
either extra help or a reduction of the load. 

The extra cost of transport due to steep gradients is increased by any- 
thing which impedes traction along the road, such as an irregular or bumpy 
surface, or a covering of mud. On a practically level road having a hard 
and smooth surface the cost of haulage may be taken at from 4^d. to 6d. 
per ton-mile for continuous work, while on roads, the surface of which is 
covered with metalling (continuous or in isolated patches), or mud, or is 
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Otherwise in bad condition, the cost will be raised to 8d. or lOd. per ton-mile. 
This is, as may be supposed, caused by the limitation of the loads hauled, 
the decreased speed, wear and tear of horses and vehicles, and the necessity 
for making more trips to transport a given weight or employing more horses 
to accomplish the work. 

As the selling price of all commodities includes the cost of carriage, the 
condition of the roads must have a corresponding influence on the welfare of 
a commimity. 

The durability of a road or street covering affects the ratepayer directly, 
and consequently it is an all-important matter. Durability and economy are 
not always promoted solely by using a superior description of material for 
the covering of a road or street ; it is necessary, and in many instances of 
greater importance, than the matter of the wearing surface, to secure a proper 
and solid foundation, efficient subsoil and surface drainage, combined with 
easy gradients. These conditions demand careful construction and efficient 
maintenance, while all the materials employed should be the best obtainable, 
and the methods of procuring, manufacturing, and applying them should be 
those which will promote economy. 

The congestion of vehicular traffic in large cities creates great incon- 
venience and delay, while the loss of time caused by the latter must amount 
to a considerable sum annually. Although this does not occur to any great 
extent in country districts, still, badly laid-out roads, apart from the 
condition of the surface, with steep gradients and sharp turnings, greatly 
inconvenience the traffic and add to the cost of transit. These adverse 
conditions could in most instances be removed, and the durability or wear- 
resistance of the road surface increased. 

The cross-country road described at p. 52 is a case in point, and is typical 
of many of those in this country. It is obvious that, by laying out a new 
road properly, one horse may be able to perform the work of two, while 
many existing roads could be improved and similar results obtained by 
reducing gradients or deviating the line of road and cutting off dangerous 
corners. County Councils, however, have not hitherto been disposed to 
caxry out improvements in this direction, and, apart from the heavy strain 
occasioned to horses travelling over this class of roads, such roads will prove 
a serious drawback in many parts of the country to the introduction of 
motor vehicles as an economical means of transit. 

Comparatively level stretches of road should be avoided, as the cost of 
maintenance is increased compared with those having a minimum gradient 
of 1 in 80 or 1 in 100, owing to the better drainage of the subsoil and 
the surface, while the tractive effort of horses is not materially affected 
on such an incline. 

The foundation of a road is of vital importance, and should there- 
fore be carefully constructed. The drainage, often carried out in a very 
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indifferent manner, should be provided for by laying stoneware pipes with 
proper inspection eyes at convenient points, so that their efficiency may be 
tested periodically. 

Telford's and ^lacadam's methods of forming a foundation are too expen- 
sive for general application, and indeed cannot be adopted onder certain 
conditions, while, to make a Telford foundation a success, specially prepared 
stones are necessary, and these it may be difficult to obtain in most districts. 

The paved foundations generally carried out by Telford, tnd adopted to 
some extent at the present time, may be advantageously dispensed with, and 
a bottoming of hard core or whinstone broken to 3-inch or 4-iDch cubes 
applied. This method of construction, when the stones are spread to a 
sufficient thickness to meet the requirements of the case, makes by far the 
most successful and economical foundation, llie name ' hard-core,' however, 
is generally applied to all kinds of material, including bricks and rubbish 
of a miscellaneous description. When such materials are made use of 
for the foundation of a road, satisfactory results cannot be expected, while 
the durability of the surface will be affected, even although it should be 
covered with superior metalling procured probably at great expense. The 
formation of the roadway should be consolidated previous to applying the 
bottoming material, which must be steam-rolled, the joints being filled with 
sand, any slacks or depressions being made good as the work proceeds. 
Artificial watering should not be permitted until the later stages of the 
rolling, and then, if necessary, only to a limited extent. 

New roads have not been undertaken to any extent in recent years in 
this country; consequently, experience of the beneficial effect of the method 
of construction described is limited. Where that has been adopted, the 
decreased expenditure for maintenance is very marked, when compared with 
other roads in close proximity and resting on the same description of subsoil 
and subjected to similar traffic. Where such differences as to the condition 
of a road and its relative cost of upkeep arise, the most natural procedure is 
to make a thorough examination of the covering material and also of the 
foundation of those roads which are unsatisfactory, so that their condition 
can be ascertained. 

In the majority of cases it will be found that the foundation is in a very 
irregular and unsatisfactory condition, so that durability and reduction 
in the cost of maintenance will be looked for more in the d^irection of 
reconstructing the foundations of roads than in a lavish expenditure on 
metalling. Many roads, supposed to be constructed on Telford's and 
Macadam's system, will, on examination, be found to contain more soft or 
soluble matter than wearing material. It is difficult to assert whether these 
roads were deficient when constructed, or have become so through neglect ; 
still the fact remains that in many instances they are very deficient in the 
essentials which constitute a well-made road. Casual observations, where a 
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trench is cufc across a road for thQ purpose of laying pipes in connection with 
water, gas, or drainage works, amply show this condition of matters, and on 
many roads it is not to be wondered at that the cost' of maintenance is not 
proportionate to its condition and durability in relation to the amount of 
wheel traffic passing over it. 

The beneficial results obtained by lifting and reconstructing a piece of 
bad road not only promote economy in maintenance ; the improved sur- 
face makes traction easier, and consequently lessens the cost of transit. 

The complete separation of all soft material from the stones forming a 
road is absolutely necessary, while the consolidation of the earth formation, and 
the bottoming and the top-metalling separately is indispensable ; durability 
can only be expected to result from this method of construction conijbined 
with the employment of material of a superior description. 

All large stones forming the foundation of an existmg road should be 
removed and broken to regular size, spread to a uniform thickness, and con- 
solidated by rolling. Material of an inferior quality, such as ordinary sand- 
stone or stones of a soft description, should be removed ; good results cannot 
be expected by using freestone, especially when of a soft character, for 
bottoming roads, as, being of an absorbent nature, alternating frost and thaw 
penetrating the crust of a road will in time disintegrate such material, when 
the tup-metalling will be pressed into the foundation, and an irregular and 
unsatisfactory surface will be the result. 

All the smaller stones should be screened from the larger pieces of 
material, and, if suitable, used as metalling. Any deficiency in the thickness 
must be made good by applying extra material of an approved quality, such 
as the trnp rocks generally. It is infinitely better to lift and reconstruct the 
foundation of a bad piece of road, and inti*oduce proper drainage, than to 
expend large sums on surface repairs. 

Efficient rolling, that is, the degree of consolidation necessary to form a 
solid mass with just sufficient binding left to ensure cohesion of the metalling, 
is of great importance, and tends to promote durability of a road surface. 

Binding should be of a light description and not liable to be affected by 
frost when in a damp state. The use of an improper material for binding 
purposes, such as ordinary earth or soil of a clayey nature, will cause great 
deistmction to the road surface during adverse weather; consequently, a coat 
of metalling consolidated when an inferior binding is used, is not so durable 
as a coating consolidated with sand or loamy sand, even when the same 
description of macadam is made use uf. 

The controlling factors in connection with roads are first cost and the 
amount expended annually to maintain them efficiently. This points to 
obtaining a supply of cheap and suitable materials, so that economy of con- 
struction and repairs, and durability, may be promoted. The obvious 
necessity at the present time, owing to the altered condition of trade and 
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traffic, for obtaining a higher standard of perfection iu road maintenance like- 
wise demands that this class of work should be carried -out on more scientific 
principles than formerly, and by the adoption of labour-saving appliances. 

The cheapest methods of obtaining the materials necessary for construe- 
ing and repairing roads have already been pointed out ; and, briefly stated, 
the quantity of metalling which can be procured by the aid of machinery for 
the same expenditure is double that of hand-produced macadam. 

That the rolling of a coat of metalling (as averred by some people) is a 
luxury to those using the highways, but involving expenditure additional to 
that of the former systems of road maintenance, is an untenable contention, 
when it is considered that steam-rolling, including the collateral charges, 
amounts at most to 8d. per ton of macadam consolidated. The loss caused by 
abrasion by the wheels of vehicles when the metalling is spread in isolated 
patches and consolidated by the traffic is equal to 30 per cent, of the quantity 
applied ; therefore, the value of this loss, when the material is supplied at 
3s. per ton, is about 1 Id. When the road metal costs 5s. per ton, theu 
the saving on this account is lOd., after allowing for the expense of rolling. 
This shows a clear saving in favour of consolidating the metalling by steam- 
rolling. Besides, further economy is possible, owing to the coating being left 
in a hard, compact, and smooth condition, which also promotes durability. 

The continual increase of traffic over the roads at the present time, the 
general adoption of cycles and motor vehicles for travelling either on business 
or for pleasure, require a stronger road and a better surface. The increased 
cost of labour necessary for preparing and applying the material, and the 
subsequent care of roads, has opened up an extensive field for the application 
of mechanical appliances. Many of the machines hitherto employed in con- 
nection with road work have not been quite satisfactory, but inventors and 
engineers, as in all other branches of applied mechanics, have placed reliable 
labour-saving appliances on the market, so that a great service has been 
rendered to those engaged in road work, and also to the public for whose use 
the roads are maintained. 

The proof that work in connection with macadamized roads can be accom- 
plished by the use of machinery for one-half the cost of hand labour is 
irresistible ; consequently, in those districts where power drills for quarrying 
and other appliances have been introduced, a command of cheaply produced 
materials is easily obtained. 

Probably a lack of experience has militated against the more extensive 
adoption of such appliances (especially rock drills), which points to the neces- 
sity for engineers and surveyors taking every opportunity of acquiring 
experience from the results obtained where these modem labour-saving 
machines are in daily use, and have proved not only successful but economical. 

Metalling can be produced by stone-breaking machines at one-half 
the cost of hand labour. Many objections have been urged against them. 
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but, like all innovations, stone-breaking machineSy althoagh their intro- 
duction has been slow, are now greatly used and are increasing in number. 
To keep a road roller constantly at work requires a large daily supply of 
macadam, and it is only by the aid of machinery in providing the necessary 
quantity, that successful and economical rolling can be carried on. Of all the 
machines comprised in a road maintenance plant, the stone-breaker requires 
the most attention. It is an easy matter to turn out a bad sample of 
macadam, even with a modern machine ; the class of rock, method of feeding 
and regulating the movements, and many other details, which can only be 
found out by experience, have a marked influence in producing a cuboidal 
sample of road metal. 

Many surveyors and others maintain that machine-broken metalling is 
crushed, starred, rounded, and made flaky. No doubt the latter may take 
place when the rock is dealt with by an unsuitable machine, or by bad 
management, but generally speaking the defects mentioned do not exist to 
any extent. 

To add to these observations the author would just refer to the results 
obtained from macadam broken by machinery compared with the case of 
hand-broken metal, in so far as economy, durability, and a good surface are 
concerned, and which are detailed at pp. 285 and 290. 

Scarifiers for breaking up macadamized road surfaces preparatory to re- 
forming and coating are almost as essential as rollers in connection with 
road work. A machine which will loosen a macadamized road more expedi- 
tiously and thoroughly than can be performed by manual labour at ^^ to 
■^ the cost is a decided advantage. Experience shows that beneficial 
results arise from the use of such a machine, and it is easy to establish the 
•efi&ciency, financially and otherwise, of the modem mechanical road scarifiers. 
Especially is this the case when refacing roads, of which the surface has 
become irregular or cupped, if the crust contains a sufficient quantity of 
metalling. This, in many instances, will obviate the necessity of applying 
a fresh coat of macadam, which is a comparatively expensive operation. 

To insist that a coat of metalling should be consolidated by rolling would 
appear on the eve of the twentieth century to be contrary to the generally 
accepted ideas of the material advancement in other and kindred matters. 
This is not the case, however, and in many counties it is questionable if 
more than 50 per cent, of the metalling applied annually is consolidated by 
rolling. 

The author maintains that, except probably on by-roads, to keep a road 
in a sound condition, every patch or coat of metalling laid on a road should 
be consolidated by rolling immediately after it is spread. This at times may 
be somewhat difficult to accomplish, especially in districts subject to severe 
extremes of weather during a portion of the season, such as alternating 
frost and thaw, or where the work, previously arranged with great care, has 
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to be modified to suit other arrangements. It should nevertheless be the 
constant endeavour of those engaged in road work to maintain the surface of 
a road so that the travelling public may only know by the appeamnce and the 
improved conditions that repairs or improvements are being carried on, with- 
out their having the disagreeable experience of bumping and jolting when 
passing over the isolated or continuous coalings of loose macadam, or feeling 
at ^sea ' on the highway, instead of travelling in comfort. 

If the surface of a road is maintained in a smooth and hard condition, 
durability is increased, and, consequently, economy is promoted. The question 
of tractive force exemplifios the true economy of a road in good condition. On 
a well -const rue tod road, and having a smooth surface, the resistance which a 
horse has to overcome is only one-half that on a road kept in moderate repair. 

The construction of railways has so far checked the progress of improve- 
ments on roads generally, the result being a penalty in the form of pravidinr^ 
animal power to surmount the steep gradients, which prevents any cheapen- 
ing of transit in carrying goods between railway depots and the outlying 
villages and agricultural districts. 

The question of cheap internal transportation is one of great importance, 
and it is perfectly certain that railways require to be supplemented by some 
form of traction which will put them in proper communication with the out- 
lying localities. Light railways in certain districts may tend to accomplish 
this, but it is more in the direction of mechanically propelled vehicles, 
suitable for travelling over roads, that any real benefit may be looked for. 
Motor vehicles, which can readily be made to work under favourable condi- 
tions, will, to perform the transit of goods cheaply, require to travel at a 
considerable speed ; therefore suitable roads, that is, with easy gradients and 
smooth surfaces, are indispensable to successfully demonstrating the economic 
advantages of the automobile. 

There is, unfortunately, no genera] law for regulating the width of 
wheels of vehicles. Stringent by-laws regulating this are a necessity, when 
the damaging influence of heavy weights on narrow tyres are considered, or of 
very broad wheels, carrying proportionately heavy weights, only partially in 
contact with the surface of a well-made road. 

610. In the event of motor vehicles wholly, or even partially, super- 
sedinjif horses in conveying goods and heavy loads over the highways, 
then the great difficulty of maintaining the roads in first-class order will be 
surmounted. As each wheel of a motor car, to attain speed and minimize 
vibration, will have solid or pneumatic tyres, or tires, the action of such 
on the surface of a road will reduce attrition or wear to a minimum compared 
with the hoofs of horses and the iron tyres of vehicles at present in use. 
The insufferable noise caused by iron tyres on hard pavements clearly 
demonstrates the need for a wheel with an elastic tread, and therefore this 
woijld provide a practically noiseless wheel. 
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Motor vehicles are generally provided with pneumatic tyres which yield 
to, and consequently ahsorh, the vibration caused by irregularities on the 
road surface, by reason of the compressed air in the tube extending round 
the periphery of the wheel and acting as a continuous spring. These tyres 
for motor vehicles are manufactured by special machinery and are made 
thicker at the tread, where naturally the greatest wear takes place, and 
where there is the most liability to puncture ; they are further strengthened 
by the application of woven canvas insertion. 

For light motor vehicles this appears to be all that is necessary, the area 
of support of the single pneumatic tyre on each wheel being sufficient. 

It is when there is a concentration of heavy loads on the four wheels, 
which is the number motor cars usually have, that the small area of wheel 
contact presents a serious difficulty in solving the problem of conveying 
heavy goods by means of automobiles. It has been suggested that, like 
railway rolling stock, more wheels might be introduced or be constructed on 
the bogie principle, so as to distribute the weight over a greater bearing 
surface. 

This difficulty might also be overcome, when the present number of four 
wheels is used (which is the best form for use on the highways), by introducing 
two or more pneumatic tyres on each wheel. This would distribute the 
loads equally over a considerable area of wheel contact, the tyres being 
compressed or deformed in accordance with the actual weight brought upon 
them in relation to the contour and irregulirr nature of the road surface 
traversed: 

It need hardly be pointed out that should this much tu be desired form 
of traction, combined with pneumatic wheel tyres, be mechanically success- 
ful, the surface wear of roads, once properly constructed, will be decreased 
greatly, while the sanitary condition of roads and carriageways will be 
improved. Under these circumstances, it will be possible to attain the 
standard of excellence set up by cyclists, and it may be observed that the 
nearer to perfection the condition of a road surface attains, the cost of 
maintenance will be proportionately decreased. 

If motor vehicles supersede horses, particularly in regard to conveying 
heavy loads, it is just possible that some other description of binding may be 
necessary in consolidating macadamized roads. The pumping action or 
suction created by pneumatic tyres, especially when propelled at a high 
speed, causes a considerable movement of the fine particles, or the material 
which acts as an agent in the cohesion of the metalling, which on being 
displaced will convert the coating of metal into a loose mass of stones. 

No doubt this objection can be overcome by artificial watering when 
necessary, a matter receiving too little consideration on country roads at the 
present time. This will cause additional expenditure beyond that of 
present requirements, but the cost of providing this will be infinitesimal 
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compared with the great saving effected in the repair of roads, which, it is 
confidently expected, will take place by the introduction of automobiles. 

611. Comparisons are frequently made of the expenditure of maintaining 
roads in different counties and districts thereof. In making these com- 
parisons it must be remembered that, unless they are based on similar 
conditions, the results are of little value. Variations in the character of the 
soil or the general contour of the country, remoteness from quarries where 
good stones may be had, the methods adopted in procuring and applying the 
macadam, and, at the same time, the exceptional traffic due to the induEtriea 
of particular districts, all militate against uniformity of results. Comparisons 
of an approximate nature, however, can be made when certain particulars 
are given, such as the average annual expenditure per mile, amount of 
material applied each year, and the cost per cubic yard or ton of the metal- 
liug. Tu properly analyse the cost of macadam applied per ton, it is 
necessary to know the average distance it is hauled, or the cost of transit, 
and it is here where the difficulty arises, as no statistics exist as to this 
particular item. Assuming, however, the distance to be the same whether 
the metalling is furnished by the aid of machinery or by hand labour, then 
a direct comparison between the two methods of production can be made, 
the material in either case being prepared ready to be conveyed to the roads 
under repair. 

Taking the average cost of metalling prepared by hand labour at 3s. 
per ton, and that for obtaining and manufacturing the same size of material 
by mechanical appliances at Is. 6d. per ton, but exclusive of haulage (which 
would be practically the same in each case), shows a saving of 50 per cent, 
on the cost of production. 

If the average quantity of metalling applied each year be 50 tons per 
mile, then the saving on that length of road would be £3, 15s., or, 
should the quantity required amount to 100 tons per mile, then the difference 
would be £7, 10s. per mile in favour of macadam prepared by machinery. 
Thus for every 100 miles of road the saving would be £375 for the former 
quantity, and £750 on that of the latter. In other words, in a county, or 
district of a county, having a length of roads extending to 300 miles, there 
would be an annual reduction, in the cost of supplying the metalling, of 
£1125 for quarrying and breaking when 50 tons per mile are applied, and 
£2250 if 100 tons be the allocation per mile of road each year. If the 
metalling is consolidated by rolling, then a further saving is effected of from 
25 to 30 per cent, of the price of the macadam, less the cost of rolling, 
compared with macadam rolled in by the wheels of vehicles, by reason 
of the loss caused by abrasion during the long process of consolidation. 

The demand which existed in byegone days for skilled workmen to act 
as foremen in applying the patches of metal does not apply to any extent 
when the work is carried out by modern methods, so that the objection 
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formerly raised in many districts that too much metal and too little labour 
are used is a thing of the past. The subsequent saving in labour on 8urfQ.ce 
work, when the methods alluded to are carried out in their entirety, is 
shown to be, on an average, 50 per cent., where the annual allocation was, on 
the patching system, about 50 tons per mile. Besides these financial 
benefits, a great source of annoyance and danger is removed by the absence 
of loose stones on the surface of roads which are efficiently rolled, while mud 
and dust are reduced to a minimum. 

The annual cost of repairing different roads in many counties in England 
has increased considerably since the initiation of the County Councils. This 
is attributable in most instances to the unsatisfactory condition in which 
the roads were at that time. It was necessary to apply a greater quantity 
and better description of metalling at, in most cases, an increased cost of 
production, in order to bring them into a satisfactory state of repair. This 
strengthening process has been taking place gradually, and years may elapse 
before the large mileage of roads, formerly neglected, will be placed in a 
state of repair equal to that of the roads which have been maintained con- 
sistently in good order for many years past. In all probability, had the 
combined methods of producing the metalling been adopted, the roads could 
have been strengthened and improved in surface within a reasonable time^ 
and certainly at less expenditure. 

The increased cost of repair alluded to, varying from 6 to 90 per cent.,, 
which is applicable to many counties in England, does not apply to the roads 
in Scotland generally. The ' Eoad Trustees,' under whose management the 
roads were prior to 1879, had years previously given practical consideration 
to efficient and economical maintenance by sanctioning the introduction of 
steam-rolleYs and labour-saving appliances. Any increase in the expenditure 
for road repairs in the principal counties of Scotland has been brought about 
by the greater amount of vehicular traffic, which, indeed, may be said to 
have developed to an enormous extent all over the country since thd abolition 
of tolls, but especially in districts where the roads were in a good state of 
repair. 

612. With reference to the annual expenditure for the maintenance of 
roads, the following particulars, in tabulated form, show the cost per mile 
and the other items which are necessary for comparison, so far as can be 
ascertained, for the principal counties of England and Scotland. 

Large sums of money are voted annually by the Government for the relief 
of local taxation. 

In England £3,339,517 was received from the Exchequer for this 
purpose in 1897-98. The county and urban roads in England and Wales 
extend to 25,747 miles. The annual expenditure for maintenance, etc. 
of main roads and bridges, including payments to District Councils, 
amounts to £1,962,460. The county main roads cost £58, and those in 
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Cost of maintenance per annum of roads in different counties, exdindve 

of estoMishnient charges. 





Cost per 
mile of road. 


Metalling 


Cost of 




Counties. 


applied 
per mile. 


Metalling 
per ton. 




Enoland— 










Bedford (1896-97 ) 


£39 15 11 


42 


11/6 




Buckingham (1896-97) 


60 


44 


/ 12/- granite 
\ 4/- gravel 




Cumberland 


37 4 7 


• •  


• • • 




Derby (1896) .... 


72 8 10 


... 


« • * 




Hants 


81 




•  • 




Kent 


112 0* 


•  a 


• • • 




Leicester 


56 


• • • 


• • • 




Northumberland .... 


37 13 


• •  


 •  




Nottingham 


54 


 • • 


• • 




Norfolk 


32 




10/4 




Salop 


88 


• • « 


« • • 




Somerset 


45 10 


• • • 


 • • 




Stafford 


75 


• • • 


• • • 




Surrey 


90 


a • • 


• • • 




Sussex (E.) 


67 


• • • 


« a  




t> (W.) 


50 


• • • 


» • • 




Warwick 


45 


66 


6/5 




Westmoreland .... 


27 


 • • 


• • • 




Wiltshire 


48 


• • « 


• • « 




Worcester 


50 Ot 


• •  


 • • 




Yorks(E.R.) 


60 


 • • 


 • • 




„ (N.R.) .... 


40 


 • B 


• • • 




Scotland — - 










Clackmannan .... 


54 


93 


5/6 




Dunbarton (Eastern), 1899 . 


49 


99 


5/5 




(Western), „ . 


34 


54 


6/6 




Fife (Cupar Division), 1899-1900 


18 


58 


3/2 




„ (St Andrews „ ), 


23 6 


51 


4/6 




„ (Kirkcaldy „ ), „ 
,,. (Dunfei-mline ,, ), ,, 


34 7 


90 


4/9 




44 


82 


5/10 




Forfar (Dundee District), 1899 


32 


85 


4/3 




East Lothian (Eastern), 1899 


20 


41 


6/- 




(Western), 1899-1900 


29 


56 


6/6 




Midlothian (Suburban), ,, 


98 OJ 


223 


6/1 




,, (Lasswade), 


38 10 


79 


5/10 




(Calder), „ ; 


34 


78 


5/8 




„ (Gala Water), ., 


17 


39 


4/5 




Perth (Perth), 1899-1900 . 


27 


63 


4/2 




Renfrew (Lower), ,, 


31 


52 


6/3 




Stirling (Central), ,, 


23 


41 


6/3 




•,, (Eastern), „ 


86 


70 


5/7 





Note. — The expenditure on roads previous to the advent of the County Councils and 
the employment of machinery was if anything greater than at the present time. The 
vehicular traffic has increased considerably, the value of rateable subjects has risen iu 
manufacturing localities, while it has decreased in agricultural districts. 

* This high figure is due to the heavy traffic and densely-populated areas near the 
Metropolis. 

t Near Birmingham the cost rises to £200 per mile. 

X The expenditure on the main road leading east of Eilinburgb averages from £267 to 
£450 per mile per annum. 
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nrban districts £96 per mile. The expenditure for management amounted 
to £509,512 iu the year 1897-98. 

The * Grant in Aid,' which must be devoted entirely to the relief of the 
road rates, amounted to £35,000 for Scotland last year. The * Equivalent 
Grant,' which may be applied to the relief of the road or other rates, 
amounted to £161,912 for the year ending 15th May 1899. 

The extent of roads under the jurisdiction of County Councils in Scot- 
land amounts to 22,337 miles, and entails an annual expenditure for main- 
tenance of £396,336, and for management £35,557 for the year 1897-98. 
This is, on an average, an annual cost — for maintaining the ruads classified 
as highways — of fully £20 per mile. 

The allocation fixed for each county and the districts thereof is calculated 
on the expenditure incurred on the highways, after specified items have 
been deducted, so that in districts where repairs of the roads are carried 
out on the old and costly methods of procuring the metalling by hand 
labour, applying it in patches and allowing the traffic to consolidate 
them, receive comparatively the largest grant. These methods of carrying 
on the work, therefore, are at present indirectly encouraged by the 
Government, and not allocated, as they should be, according to results. 
It may therefore be anticipated that sooner or later something iu the nature 
of Government inspection of the highways will take place. 

The most suitable description of paving material for carriageways is, 
under existing and prospective conditions of traffic, that which makes an 
impervious pavement, and is durable and smooth, while the absence of 
slipperiness, particularly for horses, is of considerable importance. Asphalte 
complies with all these requirements, except, perhaps, slipperiness when the 
surface of the pavement becomes greasy through not being thoroughly 
washed and cleansed. This consideration will entirely disappear should 
automobiles supersede animal power, as they no doubt ultimately will do 
for traction purposes, when the droppings inseparable from horses traversing 
.the thoroughfares, which go to make a greasy surface, will be minimized ; 
therefore the sanitary condition of roads and streets will be considerably 
improved, while repairs to the pavements or road covering will be materially 
reduced, and economy effected. 

613. Congestion of Traffic in Thoroughfares. — The enormous increase 
of vehicular traffic in our cities is a problem which is exercising the minds 
of engineers and others. It has been remarked (and no doubt there appears 
to be some evidence for the statement), that the introduction of motor cars 
will to a certain extent alleviate the congestion in busy thoroughfares, by 
reason of the longitudinal distance monopolized by each unit of traffic 
being reduced by 50 per cent, compared with the present-day vehicles and 
horses harnessed thereto. It must be borne in mind, however, that the 
introduction of motor vehicles will cheapen the cost of transit of most 
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commodities ; conaeqaently, it may be reasonably expected to have a bene- 
ficial influence on certain articles of commerce which at present cannot be 
profitably conveyed by team labour. This points to an increased traffic by 
reason of the reduced cost of haulage, and practically leayes, as at the present 
time, the widening, rearrangement^ and constraction of new thoroughfares 
the pressing problem it has been for years past. 

With reference to the congestion of street trafiic in the Metropolis, some 
observations on the scheme advocated by Sir J. Wolfe Barry in his paper on 
'' The Internal Traffic of London " may be given. The proposals in that paper 
are intended to relieve certain districts in the Metropolis of the delays experi- 
enced at present by business men generally, and the loss of time or the earn- 
ing value of conveyances that take place in many thoroughfares almost hourly. 

" In the matter of street improvements in London also, one cannot but 
notice an almost entire absence of grasp of a large subject, and in the 
history of the' past forty years we look iu vain for any new arterial 
thoroughfares traversing inner London from end to end, and proportioned in 
width to the demands upon them at diffeTent parts of their route. On the 
contraiy, we find in the new streets, as in the old ones, that the nearer they are 
to the heaviest of the trafiic, the narrower they were in absolute dimensions. 
Cheapside, Fleet Street, Piccadilly, the Strand, Marylebone and Euston 
Hoads remain very much as they were fifty years ago, when the trafific 
was a mere fraction of what it is now .... most at least of modern street 
improvements seemed piecemeal and patch- work enterprises, narrowed to 
the very least dimensions which would pass muster, and without any but 
the most meagre provision for the future, or, except iu the case of Regent 
Street, the slightest attempt at systematic artistic treatment In fact, 

• 

there had been and is now a hitherto incurable peiitesse in dealing with 
such matters in London, which is a great contrast to what we saw in 
foreign cities of far less importance and wealth .... It is to be carefully 
borne in mind that the want of accommodation for trafiic in London streets 
is not merely a question of grumbling of those who suffered from it, but 
involves many other considerations .... such as loss of money in the 
delays of men of business, loss of time to vehicles and horses, the practical 
impossibility of introducing cheaper and more expeditious means of transit, 
like electric trams, and the great want of free circulation of air. My plea 
is, then, that to meet the traffic of London, what is wanted is not so much 
additional railways, underground or overground, traversing the town and 
connected with the suburbs, but wide arterial improvements of the streets 
themselves. Strictly urban railways, or rather trains that only traverse 
the town itself, though carrying immense numbers of passengers, have not 
dealt with the question and will not produce the desired result of relieving 
the streets ; on the contrary, they tend to add to the congestion from the 
point of view of both urban movement and suburban influx .... street 
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improvements in London should be considered as a whole and in a large 
minded way, unless we are to be doomed to perpetual disappointment. A 
scheme of new main thoroughfares, of adequate width for present and future 
traffic, should be laid down, and realized as time and finance will permit 
There should be continuity of effort towards radical amelioration by the 
construction of great main lines of through communication as distinguished 
from merely local improvements, and all local improvement should, as we 
. have seen was the case in Paris and other foreign cities, be so devised as to 
form parts of a harmonious whole. Apart from wide streets, a matter which 
has been too much lost sight of, is the provision of means for allowing the 
north and south traffic to cross the east and west traffic with the least possible 
confusion. If these views of the future requirements are correct, we want, in 
my opinion, one new and spacious thoroughfare east and west, about 120 feet 
wide^that is to say, as wide as Whitehall opposite the Horse Guards. . . . 
Leaving the Bayswater-road near Westboume-terrace, following the line of 
Wigmore-street to Russell-square behind the Britbh Museum, thence to near 
Broad-street station. In addition, there should be two or three thorough- 
fares north and south, slightly less in width, which should be carried over 
the east and west route by bridges at the points of intersection ; and all 
these new routes should have a raised or sunken road for bicycles, so that they 
should not mix either with vehicular or pedestrian traffic. The cost of such a 
work doubtless presented rather an alarming prospect^ for a street 120 feet 
wide and 4 or 5 miles long must mean many millions of money, though the 
recoupment from the new frontages would be very important. Such, 
however, is the kind of undertaking required for the London of the future. 
The heavy expenditure should not affright us, for it would be repaid by the 
increased facilities both for trade and pleasure .... I cannot but think 
that the relief of the present congestion of our streets by a well considered 
enlargement of the arteries of London is a subject which must commend 
itself as of primary importance to the whole city, nay, more, to the whole 
nation." 

This great thoroughfare from west to east, including subsidiary con- 
nections, would be 5^ miles in length. The proposals of Sir John W. Barry 
included special provision at six main points for dealing with the cross 
traffic, and these are as follows : — 

" (1) Hydt Park Comer. — In this case the west and east traffic would pass 
under the stream of traffic going north and south by means of a broad 
sunken road, leaving the Knightsbridge-road on the north side, and rejoining 
Piccadilly on the south side. A strip of land of an area of 3*1 acres would 
be required from Hyde Park and from the Green Park, and practically no 
buildings would be affected. It would consequently be a cheap undertaking. 

"(2) Ficcadilly-circtta, — This is a much more difficult and a highly 
expensive work. The north and south traffic would cross under the west and 

2d 
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east traffic by means of a central sunken road descending from the north end 
of the Begent-street qnadrant, opposite Yigo-street) passing nnder Piccadilly- 
circus sfid emerging in the Haymarket, the portion nnder Piccadilly-ctrcos 
and Coventry-street being in tnnnel for a length of some 180 yards, "with 
openings for light and air. 

" (3) Ltidgate-hilL — In this case the north and soath traffic would be 
crossed over the east and west stream by means of a low viaduct and bridge. 
The natural way of dealing with this crossing would be to cross the east and 
west lines over the north and south, as the gradients of Fleet-street and 
Ludgate-hili lend themselves to that arrangement. But the railway bridge 
across Ludgate-hill necessitates the other plan of crossing, unless a very 
formidable work, somewhat like the Holbom viaduct^ were undertaken, 
which, apart from cost, would no doubt be a better mode of dealing with the 
traffic, and would have the great advantage of avoiding the inclines of 
Ludgate-hill and Fleet-street. Setting this aside for the moment as too 
expensive, and dealing with the more modest scheme of crossing the north 
and south traffic over Fleet-street, the proposed viaduct would leave New 
Bridge-street on the west side and join Farringdon-street on its west side. 
It would involve interference with a certain amount of valuable property, 
but the existing frontages would be to a great extent preserved, and, of 
course, new frontages would be created .... 

" (4) Oxford-street and the south end of Tottenham Court-road. — ^At this 
place the west and east traffic would cross over Tottenham Court-road on 
the north side of Oxford-street. The properties are not extremely valuable, 
as it would be 'possible to avoid the Oxford Music Hall and other important 
buildings fronting Oxford-street by keeping the new high-level road about 
150 feet to the north. The gradients might involve the raising of the level 
of Oxford-street opposite Rathbone-place some 2 or 3 feet; otherwise, no 
considerable difficulties would be encountered. 

" (5) Wellington-street, Strand, — In this case the crossing ought to form 
part of the present scheme of the London County Council for their new 
street to Holbom, if it is to be a really successful work. The gradient of 
Wellington-street clearly indicates that the north and south traffic should 
cross over the Strand. With the exception of the Lyceum Theatre, the prop- 
erty is not specially valuable. The County Council do not think much of 
theatres, for they are going to acquire, as above indicated, four in connection 
with the street to Holborn and Strand improvement. The crossing street 
would ascend from the comer of Tavistock-street and Wellington-street by 
easy gradients, keeping to the west side of the latter street, and descend by a 
grade of 1 in 30 to rejoin AVellington-street at the north end of Waterloo 
Bridge. 

" (6) Hie passing of the north approach of Southwark Bridge over Upper 
Thames-street, — This is a work which speaks for itself, and presents no 
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serious difficulties. The crossing street would continue the level of the north 
end of Southwark Bridge and would be parallel to and to the east of 
Queen-street, descending to rejoin the existing level at the corner of 
Cannon-street and Queen-street." 

The cost of these improvements would amount to a considerable sum, 
but the value of the new frontages created would in course of time be such 
as to relieve the ratepayers of any ultimate financial burden. 

The inconvenience sustained, expressed in money on the one hand, or 
the saving which would be effected annually by the inhabitants of London 
by the proposed improved communication on the other hand, has been 
worked out in detail. The statistics obtained by Sir John W. Barry as to 
the delays to all descriptions of traffic consisted of the enumeration of vehides 
passing along some of the principal thoroughfares. The results of these 
are as follows: — "The countings on which the financial value is based 
were taken in October 1898. It is found that in one hour 992 vehicles 
passed Cheapside, 1228 the Strand, 1497 Piccadilly, and 661 Tottenham 
Court-road, the number of pedestrians varying from 3910 at Piccadilly to 
6358 at Cheapside. Similarly, it was found by another enumeration that 
the number of omnibuses varied from 384 an hour at Cheapside to 487 at 
the junction of Oxford-street and Tottenham Court-road. It might thus 
be assumed that on these four routes there was an hourly traffic during the 
working part of the day of 1750 omnibuses, 1500 cabs and carriages, and 
1000 carts. Taking an average of nine hours a day as the period during 
which three of the routes were overcrowded, and in the case of Piccadilly 
allowing eleven hours, the fact was arrived at that, on these four routes only, 
16,650 omnibuses, 14,900 cabs and carriages, and 9700 carts and other 
vehicles were every day delayed by the crowded state of the streets. The 
absolute amount of retardation presents some difficulty, but from observa- 
tions it is found that in different parts of the four main streets alluded to 
it varied from 10 per cent, to 44*8 per cent., as compared with the speed in 
unimpeded parts. Therefore, I consider that 20 per cent, would be an 
under-estimate of the retardations on these routes. Assuming the value of 
the time of vehicles to be 4s. an hour for an omnibus, 2s. 6d. an hour 
for a cab, and 2s. for a cart, and reckoning ten passengers in each omnibus 
at 9d. an hour, one and a-half passengers per cab and private carriages at 
3s. an hour, it would appear that the traffic on these four streets involves 
£1631 an hour; hence a delay of 20 per cent meant a loss in respect of 
vehicular traffic only of £880,740 per annum. The traffic of the Euston- 
road and Queen Victoria-street, if we are to include the chief east and 
west routes, might be put at 15 per cent, of the above figures, while the 
traffic delayed in crossing these four chief routes might be taken at 20 per 
cent, of the figures for the east and west streams. As to a pedestrian traffic 
(25,514 individuals in all per hour in the four streets under consideration). 
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I come to tho conclusion it is delayed one-third as much as vehicular 
traffic, or 6*6 per cent., and if 4d. an hour for each individual were assumed, 
we arrive at an annual loss of £65,000, allowing for females and non-wage 
earning persons. 

" To sum up, therefore, the annual loss on the various routes discussed 
was: Trade interests, £900,000; vehicular traffic, £1,189,000; pedestrian 
traffic, £65,000; total, £2,154,000. I do not pretend these figures could 
be more than an attempt to express in money the inconvenience sustained 
by Londoners through narrow, overcrowded streets, and I should not have 
attempted to estimate the money value, except for the purpose of seeing 
something of the relation between capital and revenue. That a very large 
amount of money is being wasted will not be denied, nor can it be doubted that 
the loss was getting worse and worse every year. But, neglecting this con- 
sideration and capitalizing the present loss, whatever its true figures might 
be, at thirty years' purchase, we can see that many more millions of 
expenditure in improving the facilities for traffic on the north side of the 
Thames than I have estimated would be commercially justifiable. I feel 
sure that this is taking a low view of the financial aspect. Impediments to 
trade could not be appraised by merely taking the value of vehicles, horses, 
and drivers, and the wages and salaries of passengers, and, besides, there 
were many other matters which I have left out of account, such as the 
impossibility of tramways, the danger to bicycle traffic, the safety of 
travellers, and all the aBSthetic considerations and influence on pleasure 
traffic which our continental neighbours, at least, value highly, and for 
which they made streets and boulevards that utterly shame the meanness of 
London thoroughfares." * 

614. Viagraph. — The viagraph is an instrument for taking an autograph 
record of road and carriageway surfaces. It is the invention of Mr. J. Brown, 
Belfast, and by its use valuable information of a reliable nature may be 
obtained of the comparative unevenness of road surfaces under varying con- 
ditions of traffic, and those which are repaired with different descriptions of 
material, and by different method& 

The viagraph is in principle a straight-edge about 12 feet long and 
9 inches wide, applied continuously to the road surface, along which it is 
drawn. The main frame contains an apparatus for recording on paper a 
profile of the road surface tested, and the sum of unevenness is indicated by 
a numerical index. A lever pivoted to the main frame carries on its. free 
end a serrated wheel (road wheel) which, when in operation, rises and falls 
over all the irregularities of the surface. These movements of the road 
wheel are transmitted by means of a lever and link to a pencil which records 
their motions autographically on the paper passing round the recording 
drum. The paper on which the profile is made is carried under the profile 
• Journal of the Society of Arts, Nov. 1898 and Nov. 1899. 
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pencil and round the recording drum by means of a worm and wheel which 
rotates it and is connected by a shaft and bevel gear with the road wheel. 
The paper is thus drawn from the stock-roll drum, passed round the recording 
one, and is wound-up on a receiving drum. 

The datum line or, in other words, the position of the lower part of the 
straight-edge or runners in relation to the portion of the road surface 
situated between the parallel edges, is represented by a second pencil line^ 
which corresponds approximately with the point of the profile tracing pencil. 
The closer the position of these two points or lines is, the more perfect will 
the road surface be. 

The sum of the depths of all these depressions constitutes the numerical 
index of unevenness. This is shown by an index counter, which is operated 
by cords and rubber bands running in grooved pulleys, and properly fixed 
to the lever on the road wheel, which, in following a depression or other 
irregularity of the surface of a road, rotates a small wheel, the movement 
being transmitted to the index counter and there recorded. 

For the purpose of comparing one section of a road with another, it is 
obviously necessary that the same unit of length be adopted, which will give in 
feet per mile the sum of the irregularities. The length of road for these tests 
is fixed at 88 yards, being -^\^ of a mile, and according to the scale, 33 inches 
of paper are run off in obtaining the profile, and, by an arrangement in the 
recording drum^ a bell rings when that distance along the road has been 
traversed. 

It is unnecessary to cut off the diagram sheet when one autograph record 
has been made, a vertical line drawn with a distinctive mark being all that 
is required. Any number of profiles can therefore be made in a continuous 
manner during one or more days' operations, and by reference to the field 
book the particular section can be identified, when the sum of unevenness 
can be marked on each. 

The autograph record is represented on the paper full size vertically and 
on a scale of ^ inch to one foot horizontally. The cost of this instrument 
is £21 complete in case with glass cover. 

It is possible to get a good profile by the viagraph on a road maintained 
in a very ordinary manner by selecting the best portions of the surface and 
deviating from a straight line. The small width of the viagraph practically 
limits the profile to the narrow track over which it traverses. 

To obtain reliable data as to the condition of a road surface the viagraph 
must be used in an intelligent manner, and to arrive at an average figure 
representing the unevenness, it is necessary to take two, three, or more 
diagrams parallel to each other along the road at a fixed or definite distance 
apart. These points, both for starting and finishing, should be measured 
and noted so that profiles can be taken from time to time in exactly the 
same line as the previous ones. Unless a number of autographic records are 
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taken, parallel to each other, along a road to arrive at au average, especially 
when a portion of the surface transversely is considerably worn, it is possible 
to get very variable results, and consequently remarkable differences, in the 
profile of a road of nominally the same character. 

It is necessary to affix the date and year on the diagrams along with a 
note and measurements signifying at what particular part of the roadway the 
profile has been obtained. This not only avoids confusion, but gives a 
reliable diagram showing the profile and the amount of unevenness per mile 
of road at a glance. The time occupied in operating the viagraph might be 
urged against its use, but in these days when perfection in road surfaces is 
demanded, it appears desirable that records of a definite nature should be 
collated. 

It has been remarked that the condition of a road can usually be deter* 
mined by sight or otherwise, and while this is true so far, still it is of a 
transitory nature and no definite or positive results are attainable without 
the aid of the viagraph. Opinions as to the state of roads often differ, and 
disputes often arise from the same cause, so that the instrument will in all 
probability serve a good purpose in enabling such differences to be settled. 
Especially would this be the case when the maintenance of roads is executed 
by contractors or where main roads are repaired by Urban Councils on pay- 
ment from the respective counties, in which cases the opinions of those 
interested vary so greatly. Not only in these particular instances, but 
in controverting complaints, the viagraph promises to have a good future 
before it. 

An accessory to the viagraph, and working much on the same principle, for 
taking transverse sections of a road surface, would be of great value to 
surveyors. If such an instrument could be devised to record autographically 
in inches the contour and irregularities of the surface of a road transversely, 
such an invention would probably be of greater assistance to those 
engaged on road work than the longitudindal profiles obtained from the 
viagraph. 

In working the viagraph it is necessary to have a sufficiently long piece of 
twine attached to the front end, so that the man in hauling the instrument 
along does not lift the point, which would otherwise he the case, and cause 
it to follow a serpentine course, and thereby represent an incorrect autograph 
record of the road surface. 

Like the other tests for efficiency connected with road work, and for 
comparison generally, it would be necessary to establish a standard of 
excellence from the results obtained by the use of the viagraph. 

In the author's opinion, after experience gained in working this 
instrument over many miles of road and under varying circumstances, a 
standard of fitness or smoothness of 15 feet of unevenness, or variation from 
a regular plane, per mile of road might be safely adopted. This might be 
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fairly considered equal to bicycle excellence, and at the same time 
considered, as an average, the standard surface for macadamized roads. 

Proceeding to fix the numerical Talue so as to embrace all conditions of 
road surfaces, the following might be adopted for general use: — 



Numerical Index of Uneyenness 
in Feet per Mile. 


Condition of Road 
Surface. 


15, 

80, 

45, 

60, 

80 to 100, .... 


Excellent. 

Good. 

Fair. 

Passable. 

Bad. 



With reference to the actual profiles of macadamized road surfaces and 
the amount of unevenness on those tested, the following information may 
be given. 

Victoria Embankment — The autograph record of this thoroughfare was 
carried out between the Temple railway station and Temple Gardens ; the 
amount of unevenness, at the time when the test was made, being at the 
rate of 102 feet per mile. A portion of the profile is shown in fig. 135 ; ^ 
the vertical depths are full size while the horizontal lengths are represented 
on the scale of ^ inch to one foot 

This road is usually in a very unsatisfactory state of repair, so that the 
autograph record representing the profile and amount of irregularity of the 
surface will not appear extraordinary, nor will it surprise those who have 
travelled over it by any of the usual modes of conveyance. 

Leatherhead and Guildford. — This is an example of a road surface which 
is considered almost perfect ; it was tested by the viagraph on the recom- 
mendation of Mr. Shipton (Secretary, Cyclists' Touring Club) as an ideal 
road for cyclists. The sum of unevenness on this road amounts to from 12 
to 14 feet per mile ; the profile of the surface is shown in fig. 136. 

These two autograph records distinctly show in a graphic manner the 
remarkable difference which may exist upon the surface of different roads 
and even on lengths of the same road. 

The author has taken numerous profiles of road surfaces by means of the 
viagraph on different descriptions of macadamized roads, and the results of 
these indicate in a very decided manner the advantages of steam-rolling in 
effecting a regular and smooth surface. Admittedly, this is generally 
recognized, but the convincing manner in which the state of the surface of 
roads is shown by the autograph records and its graphic evidence on the 
subject also point out the relative merits of the different systems adopted of 
repairing them in any district. 

* Taken from Specification, Sept. 1899. 
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Koad A, — Fig. 137 shows the profile of a section of road situated on 
level j the record of irregularity or unevenness of the surface from a ti 
plane is at the rate of 9 feet per mile. This is the best average record yi 
obtained by the author by the use of the viagraph. It may be mentions 
however, that the material composing the crust of the old road wai 
scarified, lifted, aud screened, a fresh coat of metalling 3 inches deep wa 
then applied and the serviceable stones of the screened material spread ovei 
this after the new coating was partially set by the passage of the roller. 
The road was finished in the way described in Chaps. VII. and VIII. Thai 
profile was taken one month after the road was rolled, and the result aa{ 
indicated is an average of five different autographs run parallel along the 
road, the full width operated on being 18 feet. 

Hoad B, — The record of unevenness on this road situated on a gradient 
of 1 in 30, with medium traffic, was 12 feet per mile six months after it 
was rolled. 

Boad C. — Fig. 138 shows the profile of a road having a gradient of 1 in 
40. The autograph record was taken one year after the road was rolled ; the 
unevenness amounted to 16 feet per mile. The wheel traffic on this road is 
particularly heavy at certain periods of the year. 

Boad D, — ^This is a practically level road resting on a clay subsoil and 
repaired with material of a tough nature but deficient in hardness, otherwise 
a soft description of macadam. 

This road was steam-rolled as in the previous instances ; it showed hy 
the viagraph an amount of unevenness, after four years' wear by heavy wheel 
traffic, equal to 55^ feet per mile. It is about to be repaired again by 
applying a superior description of metalling, although at comparatively great 
cost, and steam-rolling the coating. 

Boad E. — This is a traffic-consolidated road, a profile of which is shown 
in fig. 139 ; the sum of unevenness is at the rate of 41 f feet per mile, which 
amount of irregularity would have been considered years ago, and previous | 

to the introduction of steam-rollers, a first-class road surface. 

The following particulars may be mentioned with reference to a portion of I 

road which had a service of eight years after being rolled ; last year it was 
re-coated aud rolled a second time. This unfortunately was done somewhat 
late in the season (namely, the beginning of November 1899). The auto- 
graph record of the old surface gave a sum of unevenness of 50 feet per mile, 
while immediately after coating and rolling, and drawing the viagraph over 
the same part of the road, the amount of unevenness was at the rate of 13^ 
feet per mile. The metalling was then in a somewhat green state, and when 
in that condition was subjected to frost which continued for some days. 

In endeavouring to prove numerically, what is so well known from 
observation, that, under the conditions mentioned or where a road rests on a 
wet or damp subsoil, the effect of alternating frost and thaw materially alters 
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the sarface of a road, even when it had formerly a smooth and regular 
contour : In this instance the sum of unevenness rose to an amount which 
was equal to 45 feet per mile; the effect of the frost was such that it 
penetrated the full thickness of the coating, or a depth of 4 inches. The 
surrounding ground was perfectly dry, so that the effect mentioned was due 
entirely to moisture (through the artificial watering) which the metal coating 
contained immediately after being rolled. After thaw set in, the roller was 
repeatedly passed over this portion of the road to fix the metalling which 
had been displaced and loosened by the combined action of the frost and 
the hoof and wheel traffic. The viagraph was drawn over the surface at the 
same spot after the new coating was dry and in a hard state. The record of 
unevenness then amounted to 22 feet per mile. 
These results summarized are as follows : — 

Road surface previous to being metalled and rolled, 50 feet of unevenness 
per mile. 

Road surface after coating and rolling, 13| feet of unevenness per mile. 
Road surface after coating and rolling but affected by frost when in a 
moist condition (frost penetrated full depth of coating), 45 feet of unevenness 
per mile. 

Road surface after thaw, the surface being rolled again, 22 feet of uneven- 
ness per mile. 

This clearly shows, and in a conclusive manner, what may be expected 
from the effects of frost acting on the crust of a road covering which is 
either of itself iu a moist state, or when the drainage is defective. It 
may appear strange, but nevertheless the peculiarity is amply borne out in 
practice, that consolidated coatings of metal, not thoroughly dried before the 
advent of frost, will considerably alter the actual contour and regularity of a 
road surface which was previously a well-finished piece of work. Further, 
the road cannot be restored to its original state even by additional rolling ; 
the only means of accomplishing this, but it appears undesirable to do so, is 
to scarify the sarface and re-form it, and again consolidate the coating by 
rolling. 

It is needless to point out, what is graphically depicted in the 
autograph records, the great redaction of vibration and concussion to which 
vehicles are subjected on roads the surface of which gives an unevenness of 
15 feet per mile, compared with one which amounts to 80 or 100 feet per 
mile. 
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Abrasion test, road-stone (182), 96 ; Mr. 
E. J. Lovcgrove's dry and wet, 97 ; 
Lovegrove's machine for, 97. 

Absorption test, road-stone (134), 101. 

Abutments and piers (96), 79 ; thickness 
of (97, 98), 80. 

Adamant slabs, concrete, for paving foot- 
ways (683), 394. 

Administration des Fonts et Chauss^s, 
France, road-stones, comparative nu- 
merical value of qiiality (137), 103. 

Advantages of breaking macadam by 
machinery (248), 183 ; of steam road 
rolling (296), 220 ; of team haulage 
(277), 208. 

Air, resistance of (1), 29. 

' Alcatraz' pavement used in Glasgow (497), 
854. 

Altered conditions of trade and traffic, 
effect on race of macadam hand-breakers 
(241), 182. 

Amount of rolling necessary in consoli- 
dating metalling (382), 274 ; of work 
performed by working parts, and cost 
of renewals, Baxters stone-breakers 
(269), 203. 

Annexe for storing detonators (232), 179. 

Appian Way — Roman roads, 3. 

Arbroath pavement for footways (570), 
389. 

Arched culverts (77), 71 ; small convexity 
(78), 71 ; semicircular (79), 71 ; stones, 
depth of (81), 71 ; bridges (99), 80 ; 
depth of stone (100), 80 ; depth of brick 
(101), 81. 

Archer's stone-breaker (251, 252), 187. 

Arrangements for blasting, final (211), 
163 ; of stone-breaking machines (244), 
184. 

Ashton-upon-Lyne, Town Council's recom- 
mendation as to traction-engines (18), 
40. 

Asphalte pavements, sources of supply, 
contour and gradients, foundations. 



natural bituminous rock, Trinidad as- 
phalte, binder course, wearing surface, 
method of applying and finishing (483-- 
494), 348-353 ; advantages of (498), 354, 
355 ; best for carriageways, slipperiness 
(499), 355 ; repairs (500), 855 ; life of 
(501), 355, 356 ; first cost and annual 
cost of maintenance (502), 356 ; cost at 
present in London, • cost of annual 
repairs (503), 856, 857, 858. 

Asphaltic wood pavement (453), 325 ; 
pavements for footways (574-576), 390. 

Australian and other hard woods for paving 
carriageways (465), 381. 

Aveling k Sorter's 15- ton steam rollers 
(295, 297), 217, 220. 

Axles of vehicles, friction of (1), 28. 
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Balakciko earthworks (40), 58. 

Basalt (122), 93. 

Baxter's stone-breakers (259), 191 ; 16'' x 
9" combined portable, stone-breaking, 
automatic screening and loading 
machine, description of working parts 
(260), 191-194; lifting and lowering 
arrangement for top screen applied to 
(261), 194, 195; elevator belt and 
buckets (262), 196. 

Betou, foundations (427), 809. 

Binding proj^rties of road -stone (180), 96 ; 
material in connection with steam- 
rolling (303, 881), 226, 278 ; beat results 
obtained by using small quantities of 
(306), 227. 

Bitumen and crushed granito pavement 
(496), 358. 

Bituminous concrete (428), 810. 

Blake's stone-breaker introduced into 
England (248), 185 ; original stone- 
breaker, description of (250), 186 ; 
— Marsden stone-breaker (257), 190. 

Blasting (189), 144 ; claying bore-holes 
(166), 117 ; agente, gun powder and high- 
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gi-ade (190, 191), 144; uitroconiponnd 
explosives (192), 144 ; effects of (192), 
145 ; determiuiog the charge with 
examples (196), 147 ; shot-holes fired 
with straw and safety fnse (199), 152, 
153 ; detonators aud safety fuse (199), 
158 ; electrical detonators for firing the 
shot-holes (200), 153 ; and their compo- 
sition (200), 155 ; how detonators are 
inserted in primers and placed in bore- 
holes (201), 155 ; several detonatora 
sometimes used in firing one charge 
(202), 155 ; tamping the shot-holes 
(203), 155 ; damage to wires (203), 150 : 
form of tamping-rod sometimes used 
(203), 156, 157 ; nature of an explosion 
of nitro-comnounds (204), 157 ; con- 
necting the shot-hole wires (205), 158 ; 
circuits, different methods of connecting 
up, series, parallel, and series and 
parallel (206), 158, 159 ; connecting to 
cables and blasting machine (207), 160 ; 
firing and blasting machines, Siemens, 
Backbar (Smith's), Crescent, Victor 
(208, 209), 160-162 ; final arrangements 
for (211), 163 ; voUey-firers (Smith k 
(}o.) (218), 164 ; misfires (214), 164 ; 
recording charging operations (215), 
165 ; cost of working rock drills (217), 
167; of explosives (218), 168; and of 
detonators (220), 169. 

Blue lias for paving footways (573), 389. 

Bomford's scarifier (Eddisou i De Mattos) 
(828), 240. 

Bore-holes, position of, (183), 133 ; con- 
ditions to be observed, 134 ; yertical, 
inclined and horizontal, 135 ; size and 
depth (187), 189 ; pump (sand), 140. 

Boring the shot-holes (187), 188. 

Boulder or cobblestone pavements (417), 
303. 

Bonlton's flexible wheel for traction or 
road-engiues (18), 39, 40. 

Breast walls (70), 68. 

Brick pavements, tried in Liverpool and 
London, characteristics, preparation, 
tests, absorption and abrasion, size of 
bricks, foundations, layipg, s|)ecification 
for brick paving in Indianopolis, U. S. A., 
advantages and defects of, cost of (504- 
518), 859-865. 

Bricks or tiles for paving footways (584), 
894. 

Bridges (84), 78 ; materials used in 
building (85), 74 ; selecting site for (86), 
74 ; waterway of rivers (87), 74 ; brick 
arches (101), 81 ; tunber(108), 84 ; iron 
and steel superstructures, cast iron 
beams and jack-arching, steel trough 
decking (109-110), 86-87. 

British roads, early, 7, 8, 9, 10. 

Broadbent's stone-Weaker (258), 190. 

Bnrrell and Rutty's road-breaking machine 
(325), 239. 
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Caithness flags, for paving footways 
(568), 888, 889. 

Carriageways, early, materials now used 
for, when more suitable material than 
macadam should be used, selection of 
suitable material for (412-414), 800, 
801 ; essentials which good pavements 
should possess (415), 801 ; traction on 
different kinds of material (416), 802 ; 
boulder or cobblestone ))avenient (417), 
308 ; cubed granite or setts for (418), 
308, 804 ; 'Eiiston' pavement (419), 804 ; 
width of carriageways (420), 805 ; con- 
gestion of street traffic (421), 805 ; 
gradients and contour (422), 305, 806 ; 
contour adopted in Liverpool (422) 306 ; 
difficulties in obtaining uniform gradi- 
ents under certain conditions (428), 
806 ; formation of (424), 307 ; founda- 
tions and preparation of, Portland 
cement concrete, beton (425), 807 ; 
bituminous concrete, hand set rubble, 
macadam, gravel and cinders (425, 480), 
807, 811 ; pitched pavements, size of 
stones used, jointing, bituminous grout, 
cement grout, joints made with sand 
(481-484), 312-314; advantages and 
objections to pitched pavements (435, 
486), 815 ; quality of setts, and sources 
of supply (437), 816 ; setts supplied 
from the continent (488), 317 ; cost of 
pitched pavements, foundations (489), 

817 ; of paving setts per ton, in different 
towns, and cost of joint filling (441), 

818 ; annual maintenance (442), 819 ; 
annual cost of cleansing (448), 819 ; 
life and annnal cost of granite sett 
pavements in London and provincial 
towns (444, 445), 319, 322; wood 
pavement, first laid in London, used 
in Russia and New York, Australian 
hard woods (446), 323 ; wood pave- 
ments, practically noiseless (447), 
823 ; Stead's wood pavement, De 
Lisle's, Carey's improved wood, Ligno- 
mineral, asphaltic, . Henscn's, Mow- 
leni's, Duffy's and other patented 
systems (448-456), 828-327 ; gradients 
of wood pavement (458), 827 ; contour 
of wood pavement (459), 327 ; method 
of constructing foundations, fixing levels, 
lath-templates (460), 827, 828 ; wood, 
soft, treatment of, coni|.arative expan- 
sion of plain and creosoted, comparative 
expansion of in Piccadilly and Regent 
Streets, London (462), 328, 829 ; cre- 
osoting soft woods (468), 830 ; life of 
soft wood paving in the Strand, and at 
Charing (jross, London (464), 881; 
method of laying and jointing hard woods 
in this country (465-469), 381, 834 ; in 
Sydney, New South Wales (470), BBi ; 
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pitch joints elastic, cement rigid (471), 
834 ; advantage of cement grout under 
certain circumstances (472), 884 ; effect 
of cement grout on timber (478), 884 ; 
as observed in Sydney, New South Wales 
(473), 885 ; pitch grout jointing, blocks 
can be laid with close joints (474), 885 ; 
expansion of the blocks, equalized by 
elasticity of joints (475), 836 ; expan- 
sion joints (476), 836 ; merits and de- 
merits of wood pavements with wide 
joints (476), 836 ; relative lifetime of 
soft and hard wood pavements in Sydney, 
New South Wales (478), 887, 888; 
observations as to wear of hard wood 
pavements iu Lambeth and St Pancras 
districts, also as to wear of soft wood 
blocks at West Strand Post Office, 
Strand, London (479), 388-341 ; classi- 
fied table of traffic and wear on soft 
wood paving (480), 841, 842 ; cost of 
wood pavements and particulars as to 
cost of nard wood pavements in Lambeth 
district, London (481), 842 ; cost of 
wood pavements, 842, 343 ; table giving 
particulars as to description of founda- 
tion, class of wood employed, methods 
of laying and forming the joints, cost 
and annual amount of repairs, and the 
life service of the pavement, in the 
principal cities and towns of the king- 
dom, 844, 845 ; average lifetime of 
soft and hard wood pavements in Lon- 
don, and the relative wear and cost 
during life service ; table showing aver- 
age annual cost of repayment of loan 
at 8^ per cent., spread over period of 
duration of wood for 1 mile of road- 
way 40 feet wide (482), 846, 847 ; 
asphalts rock pavements, introduced 
into London, and sources of supply 
(488), 848 ; Trinidad asphalts much 
used in Canada and U.S.A. (484), 848 ; 
characteristics of rock and Trinidad 
asphaltes laid as compressed pavements 

i485), 848, 849 ; contour and gradients 
486), 849 ; foimdations (487), 849 ; 
rock asphalts and Trinidad asphalts 
now only used in compressed form for 
carriageways (488), 849 ; natural rock, 
composition of (489), 350 ; conditions 
as to laying (490), 350 ; spreading the 
asphalts powder (491), 350 ; Trinidad 
asphalte, also used on old carriageway 
foundations, manufacture, ingredients, 
composition (492), 851, 852 ; Trinidad, 
thicKuess to which laid, binder course 
(493), 352 ; wearing surface, method of 
applying and finishing surface and 
number of square yards which 1 cubic 
yard will cover at varying thicknesses 
(494), 853 ; different combinations used 
(495), 853 ; bitumen and crushed granite 
pavement tried in U.S. A. and Paris 



(496), 358 ; ' Alcatraz' tried in Glasgow 
(497), 854 ; asphalte pavements, advan- 
tages of (498), 854, 355 ; best for 
carriageway pavements with one excep- 
tion (499), 855 ; repairs (500), 855 ; 
actual life of (501), 355, 856 ; first cost 
and maintenance by contract in Cheap- 
side and other thoroughfares, London 
(502), 356, 357 ; present cost per square 
yard of Val de Travers, Limmer, and 
Trinidad in London (508), 856 ; brick 
pavements (504), 859 ; ' Tees scoriss ' 
bricks in Liverpool, bricks in London 
(505), 859 ; characteristics which bricks 
should possess (506), 859 ; methods of 
preparing the clay (507), 860 ; absorp- 
tion test (508), 861 ; abrasion test (509), 
361 ; crushing test (510), 361 ; size of 
bricks (511), 862 ; foundations (512), 
862 ; laying (518), 862 ; pouting the 
joints (514), 862 ; specification for 
orick pavins adopted by the Indian- 
opolis Board of Public Works, U.S. A. 
(515), 363-365 ; advantages and defects 
of (516), 365 ; life of (517), 865 ; cost 
of in U.S. A., and probable cost in 
this country (518), 365; M*Dougall's 
pavement (519), 366 ; cork pavement 
(520), 366 ; sanitary block pavement 
(521), 867 ; tar macadam (522), 867 ; 
seasoning or refining the tar (528), 
867 ; materials composing aggregate 
(524), 868 ; methods of drying the 
stones and mixing the matrix (525, 526), 
868 ; quantity of tar cement used 
depending on the nature of the stones 
composing the bulk, proportions suitable 
(527h 868 ; method of laying and 
durability (528), 869 ; cost of laying, 
details (529), 870; where used in Eng- 
land and Scotland (580), 370, 871 ; 
macadamized roadways (531), 871 ; 
life of (582), 371 ; cost of construction, 
annual cost of repairs in London ana 
other cities (583), 871-372 ; pavements, 
conclusions as to, traffic and sanitary 
conditions, durability, asphalte an ideal 
pavement, comparative safety or slipperi- 
ness on different pavements, observa- 
tions by G. W. Haywood and Captain 
Greene, table showing comparison of 
merits and objections ofdifferent descrio- 
tions of pavements by H. Percy Boul- 
nois, street traffic records in different 
parts of London, form of record table for 
street traffic (634-549), 872>8S1 ; most 
suitable material for (612), 415 ; con- 
gestion of traffic on (613), 415-420. 

Cast iron beams and jack-arching for 
bridges (109), 86. 

Cement concrete kerbs (558), 333. 

Centering for culverts and bridges (104), 
82 ; wedges and striking blocks for 
(105), 83. 



INDEX. 



429 



Centre line of new roadB, staking out (85), 
47. 

Centres for arches of bridge oyer River 
Don and London Bridge (106), 84. 

Channels (557), 884; gradients (558), 
885 ; raised at crossings and inter- 
sections of streets (559), 885. 

Charging the shot-holes (199), 151 ; re- 
coming the operations (215), 165. 

Chum-drilling (163), 116. 

Circnits, diiferetit methods of connecting 
up (206), 158. 

Clearing out bore-holes (164), 116, 117. 

Close fences and snowstorms (113), 89. 

Coifer-dams (95), 77. 

Collision, wheels of vehicles on road sur- 
faces (1), 28. 

Comparative trials of rock drills (182), 
132. 

Comparison of cost of the two methods of 
quarrying (228), 174. 

Composition of high-grade explosives (192), 
144 ; a road crast (368), 265 ; Codring- 
ton's experiments (369), 265. 

Conclusions as to the use of different 
descriptions of pavements of carriage- 
ways (584), 372. 

Concrete paving for footways, Stuart's 
imperial stone, Victoria stone, adamant 
stone, Jones's annealed stone, Ran- 
some's stone, ferrumite stone, Buckn ell's 
granite breccia, Guernsey granite con- 
crete slabs (579-582), 391-393. 

Condition of roads in the north of England 
in 1770, 10. 

Conditions and peculiarities of high-grade 
explosives (194), 145. 

Congestion of traffic in thoroughfares (613), 
415-420. 

Conical wheels (11), 85. 

Connecting the shot-hole wires, blasting 
(205), 158 ; to cables and terminals of 
blasting machine (207), 160. 

Considerations to be observed as to 
hauling metalling (284), 213. 

Consolidation of embankments (48), 55. 

Construction of new and the maintenance 
of existing roads (342-411), 249-299 ; 
of roads, Telford's system, Macadam's 
system, advantages and defects of 
both, effect of subsoils and methods 
adopted at the present time, width of 
roaos, contour and minimum gradients, 
details of construction, cost of rolling 
bottoming (343-356), 249-258. 
Cork paving for footways (586), 394, 395. 
Cost of steel trough decking and brick- 
arches compared (111), 87 ; of work- 
ing rock drills (217), 167; ex- 
plosives (218), 168 ; electrical detona- 
tors (220), 169 ; quarrying by manual 
labour (227), 173, 174; of the two 
methods compared (223), 174 ; machine 
drilling plant (229), 175 ; of hand- 



breaking macadam (239), 181 ; sup- 
plying metalling per ton, by manual 
labour (240), 182 ; of breaking mac- 
adam by machinery (267), 200-202; 
of haulage, method of arriving at 
(274), 207 ; of team haulage f276), 208; 
steam road rolling (302), 224 ; steam- 
rollers and accessories (311), 230; work- 
ing Rutty's scarifier (337), 244 ; working 
Morrison's scarifier (839), 247 ; scarify- 
ing by hand and machine compared 
(341), 248; road maintenance (361), 
261 ; probable method of arriving at the, 
of repairing roads (390), 278 ; of light 
repairs on roads (391), 284; maintenance 
of roads, comparisons of, in relation to 
cost of materials, and systems adopted 
(611), 412, 413 ; per mile, with other 
relative figures in different counties in 
England and Scotland; "Grant in 
Aid," &c., total mileage and cost of 
maintenance of the main roads in Great 
Britain (612), 413-415. 

Counterforts (68), 67. 

Country districts, footpaths situated on 
(588), 395. 

County Councils, authority to make by- 
laws as to width of tire and weights 
carried by vehicles (13), 36. 

Crescent blasting machine (209), 162. 

Cross section of English road about 1809, 
10 ; for new roads (32), 45 ; mitre drains 
(61), 60. 

Crosta's surface water gully (562), 386. 

Crushing test, road stone (136), 102. 

Culverts (71), 68 ; waterway of (72), 68 ; 
materials used in building, stone, salt- 
glazed pipes, pipes and concrete, and 
iron pipes (73-76), 69-71 ; arched (77), 
71 ; various forms (82), 71-73 ; catch - 
pits on upper side of (83), 73. 

Carves, vertical, in laying out roads (35), 
47. 

Cuttings, rock (44), 54 ; drains in (63), 
62. 

Cylinder and caisson foundations (95), 78. 

Cylindrical inch, as applied to calculating 
the drilling of bore-holes (167). 118 ; 
inches bored in one hour by mechanical 
drills (188), 142. 
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Danoeroits places, protecting (112), 88. 

De Lisle's wood pavement (449), 324. 

Depth of arch stones (100), 80. 

Determining the charge in blasting rock 
(196), 147. 

Detonators for safety fuse (199), 153 ; 
electrical : slot, bridge and incandescent 
(200), 153 ; composition of (200), 155 ; 
how placed in primers and shot-holes 
(201), 155 ; several used, at times, in 
one chai'ge (202), 156 ; electrical, cost of 
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(220), 169 ; annexe for storing (228), 
179. 

Diabase (128), 93. 

Different explosives in relation to wet bore- 
holes (193), 145. 

Dimension stones, quarrying for (186), 187. 

Diorite (121), 92. 

Direction boards and mile-stones (410), 
299. 

Dished, or slightly conical form of wheel 
(11), 85. 

Distribution of different sizes of macadam 
(245), 184. 

Ditches, side, formed before commencing 
earthworks (57), 69. 

Drain pipes, partially surrounded with 
clay (56), 59 ; in cuttings (63), 62. 

Drainage of slopes (55), 68 ; of subsoil (59), 
60 ; of embankments (62), 62. 

Drillinsj-tools broken in bore-hole, remov- 
ing ol( 165), 117 ; machines, hand power 
(170), 120 ; different types (171), 120 ; 
requirements of (Andre) (171), 120 ; 

* IngersoU - Sergeant' (176), 122 ; 

* Hirnant' (176), 126 ; cost of working 
(217), 167 ; cost of plant (229), 175. 

Drill-bits, machine (1/9), 130 ; wings for, 
in seamy rock (179), 181 ; tempering 
(180), 131. 

Drop test for road-stones (183), 100. 

Duffy's wood pavement (456), 826. 

Darability of road-stones (141), 105. 

Dynamometer applied to horse-traction (6), 
81. 
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Earthworks, equalizing (40), 53 ; cubical 
contents (54), 58. 

Economy in the maintenance of roads 
secured by using the best materials pro- 
curable (894), 289. 

Eddison and De Matto's scarifier (Bom ford's) 
(828), 240. 

Edge worth, essay on the construction of 
roads and carriages by, 14. 

Effect of an undrained subsoil on a road 
covering (60), 60 ; the introduction of 
railways on the Turnpike system, 26 ; 
of springs on vehicles (2()), 41. 

Embankments (47), 55 ; consolidating (48), 
65 ; on side-long ground (49), 65 ; and 
the retaining walls required (50), 56 ; 
drainage of (62), 62 ; formed over bridges 
and culverts (103), 82. 

Engine shed and store (404), 296. 

Equalizing earthworks (40), 58. 

Estimates and expenditure, annual, of road 
repairs (411), 299. 

Examples of quarrying, taken from actual 
practice (185), 186 ; of charging and 
blasting (196-198), 147-151 ; of arrang- 
ing roUmg operations (878 )« 270. 

Excelsior stone-breaker (Hope's) (254), 187. 



Exoessiye weight on wheels (19), 41. 

Expansion joints, wood pavements (476), 
836. 

Experiments by Morin, results of resist- 
ance of traction of vehicles (3), 30 ; bj 
Sir J. Macneill on the tractive forces re- 
quired on macadamized and other de- 
scriptions of roads (4), 80 ; carried out 
with horse dynamometer (5), 31. 

* Explosives Act,' excerpt from (230-234), 
176-179. 

Explosives store, description of (231), 
176 ; construction of (281), 177, 178 ; 
cost of erection (233), 179; different 
explosives in relation to wet bore-holes 
(193), 145 ; conditions and particulars 
of high-grade explosives (194), 145 ; 
storing of (230), 175. 

Extended powers of County Councils con- 
ferred by the * Local Government Acts,' 
27. 

Extent of ground required, and half- widths 
in constructing new roads (52), 68. 

External forces affecting the motion of 
vehicles (1), 28. 



FiRKOLAY brick kerbs (554), 883. 

Firing or blasting machines (208), 160. 

Flints (128), 94. 

Footpaths, country (409), 298. 

Footways, kerbs, channels, gullies, paving 
materials for footways (660), 882 ; kerbs : 
stone, cement concrete, fireclay brick, 
cast and wrought iron (561-555), 882- 
384 ; channels (667), 384 ; raised at 
crossings and intersection of streets (569), 
886 ; gradients of (668), 385 ; gullies, 3 ; 
essential points necessary in (560), 885 ; 
Sykes' stoneware and iron (561), 885 ; 
Crosta's surface-water (562), 886 ; other 
descriptions (568), 386 ; gully pits, illus- 
tration of form used in Liverpool (664), 
387; width and cross fall of (566), 
388 ; qualities which paving materials 
should posse.is, and different descriptions 
of material used (666), 888 ; good founda- 
tion indispensable (567), 888 ; natural 
stones used for paving, Caithness flags 
considered best (668), 888 ; Yorkshire 
flags (569), 889 ; Arbroath pavement 
(570), 889 ; laving natural stones, and 
life service of the above paving materials 
(571, 672), 389; other natural stones 
made use of (673), 389 ; asphaltic pave- 
ments (674), 889; Trinidad asphalts 
(575), 390 ; rock asphalte (576), 890 ; 
tar concrete pavement (677, 678), 890, 
891 ; concrete paving (579), 891 ; Stuart's 
granolithic in sUu pavement (580), 892 ; 
objections to (581), 398; concrete slabs 
(682), 893 ; adamant slabs (683), 894 ; 
bricks or tiles (584), 894 ; used in U.S. A. 
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(585), 894 ; cork paving and sanitary 
tilea (586, 587), 894, 895 ; in country 
diatricts (588), 895. 

Formation of carriageways (424), 807. 

Foundations, nature of material of (88), 
75 ; safe load on (89), 75 ; timber plat- 
form (91), 76 ; piling (92), 76 ; piles, 
safe load on (98), 76 ; cylinder and cais- 
son (95), 78; for carriageway pave- 
ments (425), 807. 

Fowler's scarifier (Evershed's patent) (822), 
237 ; (Fowler and Benstead) (826), 240. 

French roads, early, 5 ; subsequent to 
1775, 6. 

Frost and tbaw alternating, effects of (400), 

298. 

Frozen explosives, warming pans for thaw- 
ing (194), 146 ; effective means of thaw- 
ing (195), 146. 

Fuses, safety (199), 158 ; friction (212), 
164. 
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Gates' stone-crusher (272^, 205. 

Gelatine, composition of blasting, and of 
dynamite (192), 144. 

Gelignite, composition (192), 144. 

General deductions on quarrying (216), 
165. 

Geological survey maps of Great Britain 
(115), 90. 

Geology in relation to road materials (114), 
90. 

Glasgow and Garlble road, 19. 

Grade-line in hUly districts (88), 46. 

Gradients, macadamized roads (7), 81 ; 
effects of, on loads which horses can 
draw, 84 ; observations on, by Prof. 
Mahan, Sir J. Macneill, M. Dumas, and 
Telford (9), 83, 84 ; and contour of 
pitched (422), 805 ; wood (458, 459), 
827; and asphalte pavements (486), 849 ; 
gradient and tangent pegs (54), 58. 

Granite (118), 91 ; syenite and whinstone 
kerbs (551), 882. 

Gravel (128), 94. 

Gravity (1), 29. 

Gullies or sand traps (68), 62 ; essential 
points of, Sykes' stoneware and iron, 
Crosta's surface water, and other descrip- 
tions (560-568), 885-887. 

Gunpowder as a blasting agent, composi- 
tion of (190), 144. 



Half-widths, and extent of ground re- 
quired in making new roads (52), 58. 
Hairs stone-breaker (258), 190. 
Hammers and sledges (161), 115. 



Hand and machine scarifying compared 
(841), 248 ; scraping, amount and cost 
of work, repairs (401), 298. 

Hand-boring, amount of work accomplished 
(167), 117 ; average amount of work 
performed on different descriptions of 
rock (167), 118 ; cost of (168), 119. 

Hand-drilling or boring (157), 114. 

Hand-drills or jumpers (159), 114. 

Hand-picking or manual labour (macadam) 
(834), 248 ; cost of (885), 243. 

Hand -power drilling machines (170), 120. 

Hardness, road stones (180), 96. 

Haulage (278), 207 ; method of arriving at 
(K>st, tip-carts should only be employed 
(274), 207 ; number of horses and carts 
required (275), 207 ; team, cost and ad- 
vantages of (276, 277), 208 ; recording 
weight of macadam broken for fixing, 
cost of (278), 209 ; by steam, and cost 
of (279, 280), 209, 210 ; cost of by con- 
tract (281), 212; considerations to be 
observed (284), 213; wagons with folding 
doors and hoppers (285), 213 ; system 
adopted in the U.S.A. (286), 214 ; how 
arranged in connection with rolling 
operations (379), 278. 

Henderson's machine for breaking up 
macadam (321), 236. 

Henson's wood pavement (454), 826. 

Highland roads, Telford's specification for, 
15. 

Hiring steam road-rollers (307), 229. 

Himant rock drill, details of construction 
(176), 126. 

Hope's stone-breaker (254), 187. 

Horse scraping and sweeping machines 
(899), 292 ; amount and cost of work 
done (401), 298 ; also by hand machines, 
first cost of, and repairs (402), 294. 

Hosack's scarifier (829), 241. 
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Improvbd wood pavement (451), 324. 
Improvement of existing lines of communi- 
cation (38), 51. 
Improving gradients on existing roads 

(39), 52. 
Iiigersoll-Sexgeant rock drill, and details 

of construction (175), 122-126. 
Insulating wires and detonators (208), 

161. 
Intermediate towns, in laying out new 

roads (36), 47. 
Iron, cast and wrought, for kerbs (565, 

556), 383, 884. 
Iron and screw piles (94), 77. 
Iron and steel superstructures for bridges 

(109), 86. 
Iron pipes, substitute for wedges in bridge 

centres (107), 84. 
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Jack- ARCHING, in connection with cast 
iron beams for bridges (109), 86. 

Jackson's scarifier (819), 286. 

Jaws of stone-breaking machines, arrange- 
ment for lifting and replacing (265), 
199. 

Joints, filling for, in pitched pavements, 
bituminous grout, cement grout, and 
sand (482-484), 818, 814. 

Jumpers, broken in bore-hole, how re- 
covered (165), 117. 
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Kektibh rag (126), 94. 

Kerbs (550), 882 ; various materials used 
(551), 882 ; stone, granite, etc (552), 
888 ; cement concrete (558), 883 ; fire- 
clay brick (554), 883 ; cast and wrought 
iron (555, 556), 888, 884. 



Landslips (46), 55. 

Land stones (128), 94. 

Laying out new roads (21), 42 ; general 
principles to be observed in the field 
(24), 48 ; example taken from actual 
practice (87), 49. 

Lazenby stone for paving footways (578), 
889. 

Legislation, road, 1700 to 1770, 9. 

Li£ service of soft and hard woods, rela- 
tive (478), 887 ; of hard woods in Sydney, 
New South Wales (478), 837 ; of hard 
woods in London, cost per annum, and 
relative matters (482), 846, 847. 

Ligno-mineral pavement (452), 825. 

Limestone, carboniferous and mountain, 
(126), 94 ; Cardiff, experiments by Pro- 
fessor Elliot (188), 108. 

Liverpool, life service of pitched pave- 
ments in, traffic, tonnage, and annual 
cost of maintenance, systematic record 
kept (547), 879 ; gully pit adopted in 
(564), 887. 

London, number of steam rollers employed 
in, and area of macadamized roads (810), 
280. 

Longitudinal section of new roads (82), 
45. 

Low-lying or marshy ground, forming 
roads over, piling, fascines, hurdles (51), 
56. 
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Macadah, J. L., 11 ; system of making 
roads, 12 ; and Carse of Oowrie Turn- 
pike roads, 18 ; engaged in England, 



18 ; general manager of the Metropo- 
litan roads, 18 ; remarks on, by Wesi- 
minster Eeview, 1825, 14 ; opinion as 
to width of tires of vehicles (19), 41. 

Macadam scanfiers, description and eott 
of working (316-829), 282-241. 

Macadam's system of road oonstmction 
(346), 251 ; Telford's methods of road 
construction, advantages and defects of 
(847), 251. 

Macadamized roadways in towns, life and 
cost of repairs in London and other 
cities (681-538). 871, 372. 

Macadamized roads (545), 878 ; gravel and 
cinder foundations for carriageways 
(480), 811. 

Machine and hand scarifying oompared 
(841), 248 ; for paring or ojressing the 
edges of roads, cost of work (408), 
294. 

M'Dougall's patent, combination sett pave- 
ments (519), 366. 

Macneill, Sir J., evidence, before Com- 
mittee on steam carriages, as to width 
of tires and weights carried by vehicles, 
1881 (12, 19), 86, 41 ; experiments on 
tractive force required (4), 80 ; observa- 
tions on the wear of roads (857), 259. 

Maintenance of macadamized roads, cost 
of, methods adopted (361-864, 611), 
261, 262, 412, 418; per mile, with 
other relative figures in the different 
counties in England and Scotland ; 
' Grants in Aid,' etc. ; total mileage and 
cost of maintenance of main roads in 
Great Britain (612), 418-415. 

Making and maintaining roads, general 
remarks, and in relation to cheap transit 
(609), 404-410. 

Maps or plans of a country (80), 45. 

Marshy ground, forming roads over, pil- 
ing, fascines, hurdles (51), 56. 

Marsden's stone-breaker (256), 189 ; screen- 
ing and loading arrangement (271), 
205. 

Marshall's scarifier (827), 240. 

Mason's stone-breaker (258), 190. 

Materials used in building bridges (85), 
74. 

Mechanical details of stone-breakers (249), 
185. 

Metalling, or macadam, cost of supplying 
per ton, by hand labour (240), 182; 
effect of altered conditions of trade and 
traffic (241), 182; different sizes of, 
system of distribution (245), 184 ; 
amount broken and cost by machinery, 
(267), 200 ; requirements of different 
distncts and capabilities of stone-break- 
ing machines (268), 208; storing of 
(270), 204 ; cost of storing in quarry (282), 
212 ; cheaper to employ extra engines 
(288), 212 ; quantity applied per annum, 
quality a factor (859, 860), 259, 260 ; 
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area which a cubic yard will spread and 
time of year applied (365, 866), 262- 
264 ; coats of, containing an abnormal 
amount of detritus or soft material (370), 
266 ; continuous coatings of, rolling 
(374), 268 ; method of arranging (378), 
270 ; spreading the, in connection with 
rolling operations (380), 273 ; hand 
broken, rolling of (383), 275 ; scarify- 
ing and screening the old (386), 276 ; 
thickness applied when consolidated by 
rolling (389), 277. 

Metamorphic rocks (124), 93. 

Metoalf, J., 11. 

Method of selecting final route for new 
roatls (25), 43 ; applying scarifying 
machine (885), 275 ; arriving at the 
cost of repairing roads (390), 278 ; 
constructing wood pavements (460), 
827. 

Ifica-schist (125), 93. 

Mileage of roads which can be undertaken 
with one roller (806), 22a 

Milestones and direction boards (410), 
299. 

Minimum gradients and contour of roads 
(353), 255. 

Misfires, blasting (214), 164 

Mitre or cross drains (61), 60. 

Morin's experiments, results of (3), 30 ; 
experiments as to width of tires of 
wheels and weights carried by vehicles 
(14), 37. 

Morrison's scarifier (Aveling & Porter), 
description of (823), 237 ; amount of 
work done by (388), 245 ; cost of work- 
ing (339), 247 ; use of, extending (340), 
248. 

Motion of vehicles, external forces affect- 
ing the (1), 28. 

Motive power for machine rock drills (181, 
187), 182, 138 ; required to drive stone- 
breakers (263), 196. 

Motor vehicles, possibilities of, expeditious 
and cheap transport of merchandise 
(610), 410-412. 

Mowlem k Co.*s method (wood pave- 
ment) (455), 326. 
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Natubb of material of foundations (88), 

75. 
New and old systems of maintaining roads 

compared (392), 285 ; examples from 

actual practice, etc. (392), 285-299. 
Nitro-compounds (192), 144 ; advantages 

of (199), 152 ; fired by safety fuse (199), 

153 ; electrical detonators (200), 153 ; 

nature of an explosion of (204), 157 ; 

quantity required to dislodge a piece of 

rock (219), 168. 



Observations as to broad and narrow 
wheel tires (16), 39. 

Old and new systems of maintaining roads 
compared (892), 285 ; examples from 
actual practice, etc. (392), 285-289. 

Opening new quarries, drainage, gravita- 
tion (154), 113. 



Parallel circuit, blasting (206), 159. 

Patching system of repairing roads (858), 
259 ; quantity of metalling applied per 
annum (859), 259 ; rolling (872), 267 ; 
cost of (378), 268 ; advantages of scari- 
fying (888), 277. 

Pavements, Roman, cobblestone and 
different descriptions of material now 
used (412, 413), 800 ; when necessary 
to substitute stone or some other class 
of material for macadam (414), 301 ; 
selecting suitable material for (414), 
801 ; cobblestone (417), 303 ; ' Euston ' 
(419), 304; foundations (425-480), 
307-311 ; pitched (481), 312 ; advan- 
tages of and objections to (435, 436), 
315 ; wood, fii*st introduced into Lon- 
don ; Australian hard woods ; Stead's 
method (446-456), 323-827 ; soft wood 
(462), 828 ; hard wood (465), 831 ; 
asphalte (483), 348 ; brick (504), 359 ; 
M^DougaU's patent (519), 366 ; cork 
(520), 866 ; sanitary block (521), 367 ; 
tar-macadam (522), 367 ; pitched, 
cheapest and most durable, but nolKy 
(535), 873 ; soft and hard woods (537), 
373, 374 ; asphalte (538), 374 ; best to 
adopt (539), 374 ; slipperiness of, com- 
parative (540), 375 ; H. Percy Boulnois's 
observations on (544), 377. 

Paving materidl for footways, qualities 
necessary, and different descriptions 
used (566), 388. 

Pegs, gradient and tangent (54), 58. 

Pennant stone for paving footways (573), 
889. 

Physical tests, road-stone, abrasion (181, 
132), 96 ; drop (183), 100 ; absorption 
(184), 101 ; weathering (135), 102 ; 
crushing (136), 102. 

Piers and abutments (96), 79 ; thickness 
of (97, 98), 80. 

Piles, iron and screw (94), 77. 

Portland cement concrete foundations 
(425), 808. 

Position of blasting machine, when firing 
charges (211), 163. 

Protecting dangerous places (112), 88. 

Purbeck stone for paving footways (578), 
389. 

2b 
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Quarries, opening new, drainage, grayi- 
tation (154), 113 ; stripping (155), 114. 

Quarrying (158), 118; simplest method 
(156), 114 ; hand -drilling or boring, 
size of cutting edge, hand-drills and 
jumpers, hardening and tempering, 
hammers and sledges (157-161), 114, 
115 ; starting a bore-hole, hand -drilling 
(162), 115 ; use of water in bore-hole 
(162), 116 ; chumdrilling (163), 116 ; 
removing sludge from boreholes (164), 
116 ; broken jumpers in bore-hole, 
recovering (165), 117; claying bore-holes 
(166), 117 ; amount of work accom- 
plished by hand-boring (167), 117 ; 
method of calculating amount of drill- 
ing done (167), 118 ; average amount of 
dnlling by hand in different rocks (167), 
118 ; table of work done by hand-drill- 
ing in cylindrical inches, in various rocks 
(167), 118 ; cost of hand-boring, in 
various rocks (168), 119 ; position of 
bore-holes (machine), (183), 133 ; verti- 
cal, inclined and horizontal bore-holes 
(183), 135 ; examples taken from actual 
practice (185), 136 ; road-stone quarry 
No. 1 (1*85), 137 ; dimension stones 
(186), 137 ; boring the shot-holes (187), 
138; size and depth (187), 139; work 
done by machine rock-drill (188), 141 ; 
cylindrical inches bored in one hour 
(188), 142; general deductions (216), 
165 ; cost of working rock-drills (217), 
167 ; sledging the rock (221), 169 ; cost 
of per ton (222), 169, 170; actual cost 
in road-stone quarries Nos. 1, 2 and 3 
(223-225), 170-178; season of year, 
work performed (226), 173; cost of, 
by manual labour (227), 173, 174 ; cost 
of the two methods compared (228), 174 ; 
cost of a mechanical drill plant (229), 
175, 

Quantity of macadam broken by hand per 
day (238), 181 ; by machine (267), 200. 

Quartz-porphyry (118), 92. 
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Beoord table of street traffic, form adopted 

in London (549), 880. 
Removing top screen of stone-breaking 

machine when travelling, arrangement 

for (266), 199. 
Resistance arising from friction of the 

axles of vehicles (1), 28 ; to traction on 

level roads, made of different descriptions 

of material (2), 29. 
Retaining walls in side-long ground (50, 

65), 56, 64 ; dimensions of (66), 65 ; 

surcharged (67), 66 ; Sir B. Baker on 

(69), 67. 
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Revenue, methods of raising, past and 
present, 26. 

Roads, Roman, 1 ; French, early, 5 ; sub- 
sequent to 1775, 6 ; British, early, 6 ; 
Roman, in Britain, 6 ; General Wade's, 
9 ; Legislation 1700, 1770, 9 ; condition 
of, in the North of England in 1770, 10 ; 
cross-section of, English about 1809, 10 ; 
turnpike, made in Scotland, 11; Mac- 
adam's system of making, 12 ; Telford's 
system oi making, 14 ; general specifica- 
tion for the Highland, 15 ; ^neral rules 
for repairing, 22 ; specification for road 
maintenance, 25 ; improvement of, in 
the Island of Anglesea, 26 ; effect on the 
turnpike system, after the introduction 
of railways, 26 ; reconnaissance for new 
(28), 42 ; new, method of deteimining 
final route (25), 43 ; in mountainous 
districts (26), 44 ; rid^-lines (28), 44 ; 
laying out grade line in hilly districts 
(83), 46 ; new, laying out in actoal 
practice (87), 49 ; improvement of 
gradients of existing (39), 52 ; formed 
over low-lying or marshy ground, piling, 
fascines and hurdles (51), 56 ; laving 
drain pipes under (64), 63 ; cheap 
transit in relation to (609), 404-410; 
viagraph record of (614), 420-425; 
materials or metal (114), 90 ; rocks for 
(116), 90 ; mineralogieal composition of 
different rocks (117), 91 ; granite, quartz- 
porphyry, syenite, syenite-ix)rphyTy, 
diorite, basalt, diabase, mica -schist, 
limestone, Kentish-rag, flints, gravel, 
sandstones, ironstone and copper slag 
(118-129), 91-94; stone, requisites of, 
hardness, toughness, weather resisting, 
binding (180), 94-96 ; tjible showing 

• analyses and composition of different 
rocks, 95 ; tests, abrasion, drop, absorp- 
tion, weathering, crushing, (131-136), 
96-102 ; Mr. E J. Lovegrove's abrasion 
(132), 97, 98, 99 ; comparative numerical 
value adopted in France (137), 103; 
tests. Prof. Elliot's experiments, for 
abrasion and absorption (188), 103-105 ; 
Lovegrove's and Elliot's results compared 
(140), 105 ; durability of (141), 105 ; 
arrangement adopted when certain lood 
materials are used (142), 107 ; the best 
that can be obtained, cheapest in ultimate 
cost (143), 107 ; tests, comprehensive, to 
form standard of comparison (144), 108 ; 
sources of supply, England and Wales, 
Scotland, Ireland, and the Channel 
Islands (145-151), 110, 111 ; supply from 
the Continent (152), 111 ; approximate 
quantity used in this country annually, 
and cost (152), 112 ; quarry No. 1 (185), 
137 ; quarries Nos. 1, 2 and 8, cost of 
quarrying (228-225), 170-173 ; constioie- 
tion (342), 249 ; Telford's system (344), 
249 ; his specification for new roaos 
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(845), 249; Macadam's system (846), 
251 ; effecte of subsoil on the method 
adopted (349), 252 ; method adopted at 
the present time (351), 253 ; width of 
roads (352), 254 ; contour and minimum 
gradients (353), 255 ; details of county 
and suburban (354), 256 ; steam-rolling, 
how arranged (355), 258'; cost of rolling 
bottoming (356), 258. 
Rollers, width of tires or rolls (15), 37 ; 
Roller (horse), first made in France (288), 

215 ; patented in this country (288), 215 ; 
(steam), first patented in France (291), 

216 ; Gellerat & Co.'s, Paris (291), 216 ; 
first attempt to make in this country by 
Messrs. Clark k Batho (292), 216 ; Clark 
& Batho's sent to Bombay and Calcutta 
(292), 216, 217 ; first successful, made in 
England (293), 217; Liverpool (293), 

217 ; first introduced into Scotland (294), 
217 ; Aveling k Porter's latest design of 
15 ton convertible (295), 217 ; number 
constructed by Aveling k Porter to the 
present time (295), 217 ; other principal 
makers in this country and in U.S.A. 
(295), 217 ; different types made, weight 
and construction (297), 220 ; description 
of Aveling & Porter's 15 ton (297), 220- 
222 ; selection of, in regard to total weight, 
11 nd weight per inch of bearing surface 
(297-800), 222, 228 ; compared with 
wheels of vehicles (299), 223 ; quantity 
of macadam consolidated by different 
weights of (301), 224 ; hiring of (307), 
228 ; system adopted in France (808), 
229 ; repairs to (309), 229 ; Mr Hooley's 
experience (809), 230 ; number employed 
in London and area of macadamized roads 
there (310), 230 ; cost of, and accessories 
(311), 230 ; as scarifiers, with spikes 
fixed in driving-wheels (332), 242. 

Rolling by horse - power, first practical 
steps taken in this 'Country by Sir 
J. F. Burgoyne, RE. (287), 215; 
Mr. F. A. Paget's remarks on (289), 
215 ; by horses, difficulties insepar- 
able from this method (290), 216 ; 
steam, advantages of (296), 220 ; cost of 
(802), 224 ; binding material (303), 226 ; 
binding, sufficient m crust of old roads 
when light repairs are carried out (304), 
227 ; best wearing results obtained by 
using small quantities of binding (305), 
227 ; mileage which can be undertaken 
by one roller (806), 228. 

Road maintenance — wear on roads — Sir J, 
Macneill's remarks on (357), 258, 259 ; 
rejpairs by patching (358), 259 ; quantity 
of metalling applied per annum (859), 
259 ; depends mainly on the quality of 
the material (360), 260 ; coat of (361), 
261 ; methods of repairing (364), 262 ; 
area of road surface which a cubic yard 
of metalling will spread (365), 262 ; 



stocking old surface of roads (366), 
263 ; time of year repairs carried out 
(366), 264 ; use of trestles (867), 264 ; 
composition of the crust of roads (368, 
369), 265; Mr. Codrington*s experiments 
(369), 265 ; coatings containing an ab- 
normal amount of detritus (370), 266 ; 
rolling patchwork (372), 267 ; cost of 
(373), 268 ; amount necessary (382), 274 ; 
when hand-broken metalling is applied 
(383), 275 ; continuous coatings of 
metalling (374), 268 ; method adopted 
in arranging operations (878), 270 ; 
haulage of materials, how arranged 
(379), 273 ; spreading the metal- 
ling (880), 273 ; binding material and 
artificial watering (381), 273; traffic 
carried on narrow wheels (384), 275 ; 
thickness of metalling when consolidated 
by rolling (389), 277 ; method of arriv- 
ing at the probable cost of repairing 
roads (390), 278 ; example taken from 
actual practice, 278-284 ; cost of light 
repairs (891), 284 ; old and new systems 
compared (392), 285 ; examples of, on 
different roads, taken from actual prac- 
tice, 285-289 ; conclusions arrived at 
from comparisons (393), 289 ; economy 
of maintenance secured by using the 
best materials procurable (394), 289 ; 
surfacing roads (895), 289 ; subsequent 
labour on rolled roads (397), 290 ; tools 
required by roadmen for surface work 
(398), 291 ; horse-scraping and sweeping 
machines (899), 292 ; effects of alternat- 
ing frost and thaw (400), 293 ; amount 
and cost of work done by scraping- 
machines, and bv hand (401), 293 ; 
first cost and repairs on machines (402), 
294 ; road-c!&ge dressing machine, amount 
and cost of work (403), 294 ; engine-shed 
and store, description of (404), 295- 
297 ; cost of erecting (405), 297 ; sheds 
or huts for roadmen's tools (406), 297 ; 
purchasing tools and general stores 
(407), 297 ; rules and regulations for 
guidance of roadmen (408), 298 ; foot- 
paths (409), 298 ; milestones and direc- 
tion boards (410), 299 ; annual estimates 
and actual expenditure of road repairs 
(411), 299. 

Rock cuttings (44), 64. 

Rock drills (power), construction of (169), 
119; hand-power (170), 120; different 
types (171), 120 ; requirements of 
(Andr^) (171), 120 ; tappet (172), 121 ; 
with steam-thrown valves (173), 121 ; 
' Ingersoll - Sergeant,' details of con- 
struction (174, 175), 122-126; 'Hirnant* 
(176), 126; compound (177), 128; 
tripods for fixing machine (178), 128 ; 
for Ingersoll-Sergeant (178), 129 ; for 
Himant (178), 129; drill-bits (179), 
180 ; tempering (180), 131 ; motive 
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power (181), 132; comparative trials of 
(182), 132 ; amonnt of work done by 
(188), 141 ; coat of working (217), 167. 

Roman roads, 1 ; in Britain, 6 : paye- 
ments (412), 300. 

Rubble, foundations, hand set, for carriage- 
ways (429), 310. 

Rutty *s scarifying machine (1884), descrip- 
tion of (317). 233 ; that of 1896 (324), 
239 ; amount of work accomplished by 
(336), 244 ; cost of work (387), 244. 



S 



Safe load on fouudations (89), 75. 

Sand pump for bore-holes (187), 140. 

Sandstones (127), 94. 

Sanitary block pavement (521), 367 ; tiles 
for paving footways (587), 394. 

Scarifying machines (312), 231 ; Clay's 
patented in 1817 (313), 231 ; essential for 
road maintenance (314), 232; qualifica- 
tions necessary (315), 232 ; different 
makers of (316), 232 ; Rutty's 1884 
(317), 233 ; Vosey & Hosack's (818), 
234 ; Jackson's (319), 235 ; Wallis's 
(road pecking) (320), 236 ; Henderson's 
(321), 236; Fowler's (322), 237; Mor- 
rison's (Aveling k Porter) (323), 237 ; 
Rutty 's 1896 (324), 289; Burrell & 
Rutty's (road-breaking machine) (32.')), 

239 ; Fowler's (Fowler k Beustead) 
(326), 240 ; Marshall's (827), 240 ; 
Bomford's (Eddisou k De Mattos) (328), 

240 ; Hosack's (329), 241 ; crushing of 
metal, how obviated (330), 241 ; road- 
rollers supplied with spikes (332), 242 ; 
horse, used in U.S.A. (332), 242; 
best description to adopt (333), 242 ; by 
hand picking or manual labour and cost 
of (384, 335), 243 ; Rutty, amount of 
work done by (836), 244 ; cost of work- 
ing (337), 244 ; Morrison's, amount of 
work done by (338), 245 ; cost of work- 
ing (339), 247 ; use of, extending (340), 
248 ; and hand picking compared (341), 
248 ; method of applying (385), 276 ; 
and screening the old metalling (386), 
276. 

■Scraping and sweeping machines (399), 
292 ; amount and cost of work done by, 
also by hand-labour (401), 293; first 
cost of and re|>airs (402), 294. 

Screening and loading arrangement (stone- 
breaking) adopted by Marsdon and by 
Mason (271), 205. 

Series circuit, blasting (206), 158 ; and 
parallel (206), 159. 

Setts or pitched pavement first u.sed in 
London (418), 804 ; paving (431), 312 ; 
quality and source of supply (437), 816 ; 
supplied from the continent (488), 817 ; 



cost of per ton in different towns, and 
cost of joint filUng (441), 318, 319. 

Sheds or huts for roadmen's tools (406), 
297. 

Shot-holes, boring the (187), 138; size 
and depth (187), 189 ; charging of the 
(199), 161. 

Shrewsbury and Holyhead road, 21. 

Side slopes (42), 54. 

Side-long ground, embankments on (49), 
55. 

Siemens' exploder (209), 162. 

Single and double hand drilling (162), 

- 115. 

Sites for bridges, selecting (86), 74. 

Size of cutting edge of hand- drills (158), 
114. 

Slag, ironstone and copper (128), 94. 

Sledging the rock for hand or machine 
breaking (221), 169. 

Slips, land (46), 55. 

Slopes, side (42), 54 ; natural, of earth 
(43), table vu., 54 ; finishing (58), 58 ; 
drainage of (54), 58. 

Sludge in bore-holes, removing (164), 116. 

Smith's blasting machine (Sackbar ex- 
ploder) (209, 210), 162. 

Snowstorms and close fences (113), 89. 

Soils, different (60, 61), 60. 

Source of supply of road stones and setts 
for streete (145-151), 110, 111 ; foreign 
competition (152), 111. 

Spandiil walls (102), 81. 

Specification for making the Highland 
roads, Telford, 15 ; for the maintenance 
of roads, Telf6rd, 25. 

Springs, effect of, on vehicles (20), 41. 

Standard or scale of comparison of roati 
stones (144), 108. 

Stead's wood pavement (448), 328. 

Steam thrown valve drilling machines 
(173), 121. 

Steam haulage of metalling (279, 280), 
209, 210 ; by contract (281), 212. 

Steel trough decking (80, 110), 71, 87 ; 
improvement to approaches of bridges, 
by substituting this for arches (111), 
87 ; comparative cost of (111), 87. 

Stone breaking (235), 180 ; General con- 
ditions relative to hand-broken macadam 
(236), 180 ; screening hand -broken 
metalling (287), 181 ; quantity of mac- 
adam broken by hand per day (288), 
181 ; cost of this (239), 81 ; machines, 
requirements of (242), 182 ; mechanical 
details (242, 249), 183, 185 ; advantages 
of (243), 188 ; arrangement of (244), 
184 ; sets of (247), 185 ; Blake's, intro- 
duced into England (248), 185 ; Blake's 
original description of (250), 186 ; 
Archer's (261), 187 ; as further im- 
proved (262), 187; different forms 
adopted by quarry owners (258), 187 ; 
'Excelsior' (HopeS) (254), 187; Mars- 



INDEX. 



437 



den's (256), 189 ; Blake-Marsden (257), 
190 ; Hall's, Broadbent's, and Mason's 
(258), 190 ; Baxter's patent, description 
of workin^r parts (260), 191, 194 ; lifting 
and lowering arrangement as applied to 
(261), 194, 195; elevator belt and 
buckets (262), 196; motive power re- 
quired to drive (263), 196 ; setting and 
working (264), 196-198 ; maximum 
gange of macadam determined by size 
of boles in top screen (265), 198 ; ar- 
rangement for lifting and replacing 
jaws (265), 199; removing top screen 
wben travelling, arrangement for (266), 
199 ; quantity of macadam broken and 
cost per ton (267), 200-202 ; capabilities 
of (268), 203 ; amount of work per- 
formed by working parts and cost of 
renewals (269), 208 ; storing of mac- 
adam (270), 204 ; Qates' crusber (272), 
205 ; trials of (272), 207. 

Store for keeping explosives (230), 175 ; 
excerpt from * Explosives Act * (230), 
175 ; description of (231), 176 ; con- 
struction of (281), 177, 178 ; cost of 
erection (233), 179. 

Store and engine sbed (404), 295 ; cost 
of erecting (405). 297. 

Stores, general and tools, purchase of 
(407), 297. 

Storing macadam from breaking machine 
in quarries, cost of (282), 212. 

Streets, see Carriageways. 

Street traffic, congestion of (421), 305. 

Stripping quarries, when and how carried 
out (184), 135. 

Stuart's granolithic in situ pavements 
(580), 392. 

Subsoil drainage (59), 60 ; effects of, on 
metliods of construction (349), 25*2. 

Subways for gas and water mains, service 

Sipes, electric wires, and other con- 
actors (589), 896 ; necessity for (591), 
396 ; tracing leakages in carriageways 
and repairing mains in London, cost of 
(592), 397 ; early, Liverpool, London, 
and Nottingham (593), 397, 398;' St 
Helen's (594), 398 ; cost of construc- 
tion (594-606), 399, 402 ; defects of; in 
London (595), 899 ; necessary in principal 
streets of towns (596), 399 ; where non- 
existent, cost of annual disturbance and 
reinstatement in London, loss through 
leakage, etc. (597), 399 ; ventilation of 
(598), 400 ; regulations by London 
County Council, etc. (599, 600), 400 ; 
construction of laterals (601), 400, 401 ; 
methods adopted for underground rail- 
ways applicable (602), 401 ; rolling 
stock for, cranes and hoists for handling 
pipes, electricity (608, 604), 401 ; diffi- 
culties of construction (605), 402 ; first 
cost and probable ultimate saving by 
oonfltructing (607), 402 ; for pedestrian 



traffic, Mansion House, London (608), 
402, 403. 

Surcharged retaining walls (67), 66 ; 
Molesworth's rule for thickness of, 67. 

Surfacing macadamized roads (395), 289 ; 
comparison of, on traffic made and steam 
rolled roads (395), 290 ; subsequent 
labour on rolled roads (397), 290. 

Sydney, New South Wales, wood pave- 
ments (470, 473), 334, 335. 

Syenite (119), 92. 

Syenite-porphyry (120), 92. 

Sykes' stoneware and iron gullies (561), 
386. 

System of haulage adopted in U.S. A. (286), 
214. 



Tables— 

1. Resistance to traction on level roads 

made with different descriptions of 
material, 29. 

2. Tractive force or draught on different 

descriptions of roads, 31. 

8. Effect of gradients upon loads which 
a horse can draw, 34. 

4. Weight, horse-power, and wheels of 

vehicles on common roads — 1809, 
35. 

5. Width of tires and weights carried by 

vehicles in 1831 ; Sir J. Macneill's 
evidence before Committee on 
Steam Carriages, 36. 

6. Weights carried by Various vehicles 

under varying conditions, traction 
engines, steam rollers, wagons, 
carts, 38. 

7. Natural slopes of earths, 54. 

8. Thickness of retaining walls, Traut- 

wine's rule, 66. 

9. Depth of arch stones. Prof. Bankiue's 

rule, 80. 

10. Thickness for brick arches of dif- 

ferent spans, 81. 

11. Chemical analyses showing composi- 

tion of different rocks, 95. 

12. Abrasion tests of road-stone, dry and 

wet, by Mr. E. J. Lovegrove, 98. 

13. Do. do. do., 99. 

14. Showing proportion of absorption of 

water by different stones, 101. 

15. Showing numerical value of quality of 

road-stone adopted by the Admin- 
istration dcs Fonts et Chauss^es, 
France, 103. 

16. Showing results of abrasion tests, ex- 

Seriments by Professor Elliot on 
ifferent stones, 104. 

17. Absorption tests by Professor Elliot, 

106. 
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TMea—'eontinued. 

18. Rock drilling by hand, number of 

cylindrical incnes bored in yarioos 
rocks, 118. 

19. Comparative cost of drilling by hand 

in different rocks, 119. 

20. Cost of working mechanical rock 

drUls, 167. 

21. Cost of quarrying rock per ton, by 

machinery, including sledging, 170. 

22. Actual cost of quarrying in road- 

stone quarry No. 1, 171. 

28. Do. do. No. 2, 171. 

24. Do. do. No. 8, 172. 

25. Cost of quarrying one ton of rock by 

manual labour, 174. 

26. Excerpt from 'Explosives Act,' 175. 

27. 28. Cost of breaking macadam by 

machinery, 201, 202. 

29. Amount of work performed by work- 

ing parts and cost of renewals 
(Baxter's stone-breaking machine), 
204. 

SO. Showing average cost of haulage per 
ton-mile, 208. 

81. Record of weight of macadam broken 

for fixing cost of haulage, 209. 

82. Cost of one day's work steam haul- 

age, 210. 

88. Weight of rollers and pressure per 
inch of bearing surface of rolls, 
222. 

84. Cost of steam-rolling, per day, 225. 

85. Cost of steam rollers and accessories, 

281. 

86. Co&t of one day's work ; Morrison's 

scarifier (Avelingft Porter), 247. 

87. Showing cost per ton of metalling 

consolidated, 279. 

88. Form of estimate of probable expen- 

diture in connection with repairing 
roads, including quarrying, break- 
ing, haulage, and rolling, 282, 
288. 

89. Showing cost of surface labour by 

the patching system, and on roads 
where the coatings are consolidated 
by rolling, 290. 

40. Traction on level roads formed of 

different materials, asphalte being 
taken as the standard of excel- 
lence, 802. 

41. Showing description of material, 

draught, fraction of load, and trac- 
tive force in terms of the load, 803. 

42. Showing size of different stones 

adopted for pitched pavements, 
with the superficial area which one 
ton will cover, 812. 



Tables — corUinued. 

48. Sources of supply of paving setts, 
name of quarry and description of 
stone, 817. 

44. Source of BQppW of setts and cost 

per ton, in difierent cities, 818. 

45. Showing first cost, description of 

foundation and class of setts uaed, 
annual repairs, cleansing, and life- 
time of carriageways paved wi^'V 
setts in the chief cities and town^' 
in the kingdom, 320, 821. 

46. Showing ultimate annual total cost 

of repairs and cleansing during the 
lifetime of a pitched pavement. 
822. 

47. Comparative expansi^'n of plain and 

creosoted deal blocks, 829. 

48. Comparative weight of plain blocks 

of wood and those impregnated 
with creosote oil, 880. 

49. Amount of trafiBc and.- wear per 

annum of hard-wood pavements in 
the Lambeth district, London, 
341. 

• 

50. Traffic on certain thorou^farec, re- 

duced to a standard, and compara- 
tive wear of soft woods, 842.' 

51. Particulars of cost of hard- wood 

pavements in Lambeth district, 
London, 348. 

52. Showing particulars as to description 

of foundations, class of wood used, 
methods of laying and forming the 
joints, cost and annual amount of 
repairs, and the life service of wood 
pavements in the principal cities 
and towns in the kingdom, 344, 
345. 

53. Showing averace annual cost of re- 

payment of loan at 3^ per cent., 
spread over period of duration of 
wood, on one mile of i-oadway 40 
feet wide, 347. 

54. Showing first cost of asphalte pave- 

ments, and cost of maintenance, 
per square yard, for a series of 
years, per contract, 357. 

55. Do. do., more recent 
figures, 358. 

56. Showing properties of materials and 

tar for tar-macadam pavements, 
869. 

57. Showing cost of tar-macadam at 

Canterbury, 870. 

58. Comparative slipperiness of carriage- 

way pavements, 375. 

59. Showing comparison of merits and 

objections of different classes of 
pavements, 877. 
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60. Traffic records over some thorough- 

fares in London, 879. 

61. Record table of street traffic; form 

adopted in London, 380. 

Tamping the shot-holes (203), 155 ; damage 
to wires (203), 156 ; rod, form sometimes 
used (203), 157. 

Tangent and gradient pegs (54), 58. 

T'appet drills (172), 121. 

Jar-macadam, methods of drying the 
stones, quantity of tar employed, com- 
position, cost, where used (522-530), 
867-371. 

Tar concrete pavement for footways (577, 
578), 890, 391. 

Team haulage, cost of (276), 208 ; advan- 
tages of (277), 208. 

Telford, 14 ; Glasgow and Carlisle road, 
.19 ; Shrewsbury and Holyhead road, 
21 ; system and specification for new 
roads (344, 345), 249, 250; and Mac- 
adam's svstems of construction, advan- 
tages an4 defects of (347), 251. 

Thawing trozen explosives, by warming 
pans and other means (194, 195), 146. 

Tiles or bnoks for paving footways (584), 
394. 

Timber bridges (108), 84. 

Timber platform foundations (91), 76. 

Tip-carts only should be employed for 
conveying metalling (274), 207. 

Tires, wide and narrow (14), 87 ; width 
of, on road-rollers and wagons (15), 
and on traction-engine wheels (16), 37 ; 
improvement of, in traction and road- 
engines (18), 40. 

Tirring or stripping quarries (165), 114. 

Tools required by roadmen for surface 
work (398), 291. 

Tools and general stores, purchase of (407), 
297. 

Topography (27), 44. 

Toughness, road-stones (130), 96. 

Towns, intermediate, in laying out new 
roads (36), 47. 

Tmction-engines, improvement of wheel 
tires on, or road - engines, Boulton's 
flexible tires (18), 40 ; Ashton-upon- 
Lyno, Town Councils recommendation 
as to, 40. 

Tractive force exerted by horses (2), 29. 

Traffic in cities, record of (547), 379. 

Transverse balancing (41), 53. 

Traps, sand, or gullies (63), 62. 

Trestles on roads, use of (367), 264. 

Trials of stone-breakers (272), 207. 

Trinidad asphalte for carriageways and 
footways (492, 575), 851, 890. 

Tripods for rock drills (178), 128. 

Trough decking, steel (80, 110), 71, 87. 

Turnpike system, great opposition to, in 
some parts of the country, 10 ; system 



and present method of raising revenue, 
26; General Act (1823) regulates 
weights carried by vehicles (12), 86. 



Valley lines (29), 44. 

Vehicles with narrow wheel tires (17), 39. 

Vertical curves, on gradients (85), 47. 

Viagraph, description of, for taking pro- 
file of road surfaces, autograph records 
of different roads (614), 420-425. 

Victor blasting machine (209), 162. 

Volley firers, blasting (213), 164. 

Voysey k Hosack's scarifier (macadam) 
(818), 234. 
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Wadk's, General, roads, 9. 

Wallis's road-pecking machine (320), 235. 

Walls, retaining (65), 64 ; dimensions of 
(66), 65; surcharged (67), 66 ; Sir B. 
Baker on (69), 67 ; breast (70), 68 ; 
spandril (102), 81. 

Warming pans for thawing frozen ex- 
plosives (194), 146. 

Watering, artificial, in connection with 
rolling operations (381), 273. 

Waterway of culverts (72), 68 ; rivers, 
bridges (87), 74. * 

Wear on roads. Sir J. Macneill's observa- 
tions (357), 258. 

W^eather resistance, road-stone (180), 96. 

Weathering test, road-stone (135), 102. 

Wedges and striking blocks for bridge 
centres (105), 83 ; substitute for, iron 
pipes (107), 84. 

Weights carried by vehicles, ' General 
Turnpike Act' regulations, 1828, (12), 
86. 

IFestminster Hevieto remarks on Macadam 
and his system, 14. 

Wet bore-holes, different explosives in re- 
lation to (193), 145. 

Wheels and weights on them (10), 34 ; 
conical, dished or slightly conical (11^ 
35 ; width of tire and weights carried, 
Ck)unty Councils empowered to make 
bye-laws (13), 36 ; wide and narrow 
tires (14), 36, 87 ; width of tires. Mac- 
adam's opinion as to (14), 37 ; wagon 
tires (15), 87 ; tires of ti'action engines 
(16), 37 ; vehicles with narrow tires (17), 
89 ; excessive weights carried on (19), 
41 ; narrow, of vehicles, effect on hand- 
broken macadam coatings (384), 275. 

Width of macadamized roads (352), 254 ; 
of carriageways (420), 305. 

Wings, use of, on drill bits, in seamy rock 
(179), 181. 
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Wood payements, first introduced into 
LondoD, early descriptions used, 
methods of constrnction, soft woods, 
hard woods, laying, joints, expansion 
joints, wear, relative life service of soft 
and hard woods, cost (446-482), 328- 
347 ; hard, wear of, in Lambeth and St. 
Pancras districts, London (479), 838- 
340. 

Work done by machine rock drill (188), 
141. 

Working a stone-breaking machine (264), 
196. 



Working plans and sections, etc., for new 
roads (85), 47. 



X 



X-BIT8, for machine drilling (179), 181. 



YoiiKBHiRB flags for footways (569), 389. 
Young, Arthur, on the condition of the 
roads in 1770, 9. 
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